






































d»J^i L» c5^y gjxlfi. Clil^l c5 ,J^l^Jll c>£« cJ^ 4 


CK 


■A^-aJl aJbj ^1 ^Jjluu CjUa-uJ) Ritual ^ jlj-aluiVI £$ . £&*! V 

^ Jjj Ua ^bj^Sl JU-JI Jbjjfl Jjjfl JlJjj J-aj^ ^bjfSJl 

.*b hrk^ t fljfSl ^bj^S j-ijij Jjj-aa. ^1 


f >f el^>U ^1 ,4 


<*•/, 


'CP# 



q 4^sif -I /^ 
r f s 2 
*^U Jf-3 


iSuueM 


cj^ ^JJ cJ^ c>> 1J^ AjjLj^)^£JI AiLlallJ dA Wxa\l J^utlLuaJ 

t 4,qV^^ Jtldl j ^ix^aj ^A j SjLq l^g. nj (Jx^qj <L^a^ aII ^jtax^al! 

IFT^^lZJ^T^^ 1 €^td# L * A^ ) ^S U E -i ~:V * tf lt*« J ^tJL L>\ 


(siyC ^^L, &u j <c>o'i ^/o3) 


4lhIU ^mJLf d'A UU lo» 


. U>^ UU 

\ t>Lw ^--V M SIS ^ cSyjS UU /gp 

.^IsI^b^# &»!« ^tsa^^s^e AwAt ^py%Ijf «&Jf <iBi>,* /£ 

^ <11 C/bJbjL^31 oij ^JL^ii ^)«JbO 17il C Jbrl^JL^ii ^L*-u/ O^£» 

OJJ ^vil c3^ ^UL> ^UL^li) ( ~fuLc' ^LTj-lhit C>u <=L^j3l ^vi? - £**» 

J La^d l ^JU* ^L? *0**^ .C^LJUl^jl 

-: 5^5jAI „>*3I 

■c 5-3^ (A) oiliul^i c> cJJ3 ^w>Li( .1 

.^jCc, (d) ojI^jL^JI ojj ^Jl .2 
.(K) o^ cJ^L*31 J 2 -U/^31 £^3 -3 

. ^o-l^ *kJ^i cX> -v^l cv^ Is^LlL* 






































c£ c\lsdlS\ < 2 Uu-J) &lL)\j ^SLuup c jy> ^ub^jCii c3^ tali 

f 1^4 i.6\, i.JLip cj-' cS\ 

c> c5l c5^£* c\lsdlS\ ^LjuL* £* b«? <z^mLHj dsu ^ub^JiSS c3^ cXU /^f 

? 4~£rl^ j( oj^ c^^li ? L^b^J £6^\jS\ ^\^ib -3L* Iqm 

„ jiaaI) ji^ j_ 7: rr 

<*V*SU<U 44 ^ u- “ t ‘C ^^ ^a* 

«" 1 ^ C5^l ^SLiaVLi 4 <Q| ^ • 4. 

.£Ujj| 4,44. * ‘ ' 

— (4 ^ J ') ^i‘t**Wi djjii Ji. 


o , 

c^l,>*31 -:l^l>3) 
tfu^lil cJ^I> ji3I 


^vii) cJ^l>-*JI 


cj^l> jlM 


J 


.^uLlil ^lil -1 


•ojiSl <^3£t?j3l cJ^ 1 
tfu5Li5 L*^j-C' c^tT*? .2 o^-lil <=LJLi5 ^ujb^J .2 

O^ii c^ VfS 4<=L^Vjl_3 .GL±jo\j3 

csob^SS\ 

<=L^_jil 1 1 OJJ _«_C.L-lM cl>__y~C .3 <=Ljy»_jii t^ll#u£ c5jJOOJ ^LfrLlil cl> Ju .3 

.<£ljIj jJs. LjL> clJLJI^ 



\ 


3 


■cUrfb &JLi? cJ 1 ^ 


^^ ^r$ (C/]^)ci^l*3j >aiu^ji ca^ tfi *rfrt*ti i(K.) b^jQ 1 c^ti! djli 

(C)gUiJ 


K = 


K 



J 


JjS SjIa!) till: 4 -Laajj £)l ^bjfS Jla-ai jljLa jA 

^bjfill JU-aII ^Ul JjAuall ^ Ifnlilil ^Lla J1 «jj If! jbfjVI 

.(V/m) S±^JJ <j^J Lfjk’ -ialuiAil 

































I ^ d“pAJ„ jU glXKiltl ^ £^_y-lM C. ; A £jl/ /~*> I a 1 ~V £))Aup _v# ^)uv t'iaj l_2l_l I 


^ ><-y-.ttj Jjja! Sjjii ialij^VIj CjU^uJI ^ IgJbhli Sjbjl tilbj 

L^Jjluu jljla 


Hitip o' cU ^U ^jyJL* fibLifad ^iLLbii ^Lil^uJI LrtlI ^jbJjL) ^Jl5 Lr / ( 


O' 


.CocA c>Ji (JlI3 

(0) ^buuil ^ 1 11 - 

A 

^Lb^L* tfUL^lil oJJ ^b 

(Q) 

AFoc \&\cs\ C = ^ cXU dp^> 

Q> 

( AV )cf 5L^ti\^J\c}^ 


c>» cJj £jZ\Jhc* ^1< / ^X»^J ^U ^SLjZ * ^bb 1 g <1) ^l^Luii ^Jl5b/ ( 


O' 


CocA ^b>jl 

(C) ^UL^uAI ^lJLu 

AF = -^- (C) ^b (Q> c>JJ ebb 

(AF) cjob^^l ^ii c3b 

.tfu^l^Jb <?UL^2il cJL^jI ^*^juA ^b 

(Q) 

E = -y- ^bd^dubAVc^JJcbb 

(E> csbb^jOl dbM 

AV ob^-b^ <zCj\5 (Q) cXU 

P.E= -b- V*Q 

(P.E)^^ioil <X5t^l 


O' - 


> b/ 

mti^ 


\ * --\ Coe o>Jl -»b_p 

(C) ^ULmII ^lJLu 

AVoc-b c>l c/f C = ^ c>Jl dub 

(Q <apb> 

(A^c^b^jOl^ild^ 

^^L^ib jJz. gtl,„,ll ojj tfll^b zfULtJ 

(Q) 

dub d ^ AV eXU c^b 

(E) csbb^J3l dbM 

AV c^L^Jb^ <slL>U Q oji ^Jub 
P.E= yV*Q 























































cJb CP^ 0 ^^<&Ab ^ bg 7 * ^U> ^SlL b V^Lr £f^ ^ol5 b I£>* 


Ck=Kc clfJS j\jjj 

(C> ^1 <<«< 11 ^ 1 1<« 

AVKjc>\ cs\ C =-^ cAM 

(AP)^b^j3l^ilc5^ 

<=t-Lg-^ g=it^< < 11 c>J> 2ClAj cs^-Luj 

(Q) ^Llfdlil 

c6^Xj6\ c5> c^ob^J cJb* ^xi^5 c^j dub 
guudil zfu*^ dyu b^jOl cJbM &tfJJ c^JIjl^ 

(E)^5b^j5l Jbil 

AV c^L^jb^ Q cJu^ 

(P.E) 1 

P.E= —V*Q 

».V 

^ _4» cil *t5>l cJl^s.<^2JI 

-# £j>j>Lu6i <z<L&s ^ g\juu2L 0 cuIsllL t cjm 

JtfuJx, C>b b oL^J 1^^7-fLd.yg Ojj ^jUlAI 


£_s 1 <i^C> Cu^LmJ ^Uu^i) ^L*-u/) ^l trf« < II ^UUi/ CAj&L^J C< ^«^ Gl^J ^) y < <^v ^ jtil 9^1^ ^JuU /^ 

.CLt/l^JI O^ *,* ) c\ju*S\ 1 < ^<Tc> C^»l < < > ~± y ^I C?^ OI^ ( ly < t ?L<-A*p C^tJ ,JL*Jf 

^4^)1 i$\'jjS £$vix* cJu£-£ c5JL)l b c>^*blll c>^ cbL^J ^ c\%<«~* GL< i 6 \um I £jm 


oJb b oL^j £-^46 <?ul^JI c>JJ o^lI^jL^JI cl^ c3 oL&L^j cu^j ^jLM £>l^5 cjlsXI&Z I £ 

c?^ (CA^J^I<11 OjL^5l .Jl^ll ^uJj 1A < 11 ALtil^JI <=L^LAI Ijjyj? C«»l <<? ^11 <« < 11 tfUu» C^J^) ^l <lfi> 

.^L^L<J 1 O^ > ^Uu<Ji ^L # 1 < <«TCr Q^t < < ? jjl^. 1) 



c5^V^ C ^H ^ <^-jl^ 1> c5l dsu (K) L^Jj-jc. oj15 26 ^le, p_?b cJb-?l ^dc. 

^Jjl^^S 26 )t yy^ (K) d^b b) ( ^1 c5^t) <b^bl ^ C ^7»...7 ^ 

: 2\_666\ d>l^ jM 


^b^J jl> K 

L«®j4J ^>) (AV ^1 Q) jlfiJ cJi>^ 


Vjlil (~< A i ^JL^uil ^Ul-^ ^1/ 1 

1^ j ~' fl j ^ ojj AJ^L»J! 

C k= K C 


: Oj5C eq d»^15 c^j -2 
a) Ceqk= C 1 +C 2 c5^t_*j 

7*- = -f + -f J 

c eqk C 1 c 2 


b) C e qk= 


QTk 

A VTk 




: C>U C eq Cl> ^L> -1 


&)Ceqk= 


QTk 


AVTk 

b) C eqk = C 1 +C 2 
1 _ 1 | 1 
c eqk C 1 c 2 


CSM^ 

4^ 


K <=u\-J -is -2 


c 















































CK 


?c S^\cpX& £lc *^vfuJi ^dilXU GuuJi ^ k*/. 

.^LC*^dilii) ^UL^lit tfL^Lil V^LjJ <zX$J>^ 

V t J^ g\JL£\J1 C^^ji ©^lL?UCs ^L*-u/ ^fuLc* cJ dsL^lii d>~* &LC* C>^ L /^-t/ 

?£$4*U -vt c3^ 

•c5^i^-Ji cJjjL^i II 

^-lil cP-Xc* dJ\ju*ZSS Jzj^ VjAj^J &L£*GllilXU <=\JUuS\ cJlaJ /, 
• cM^-l)l *=Ltfliiliil ^UL^li) c Jv51 r i-/7 cl^U ^UL-J) LjJ 
c>* c5l c5 CLl51^il ^I^jL» c 5^L-J cil_j^ii c 5 <=ljj6i <=L2#u£M ^LbLr C>l / ( 


O* 


CK 


cl>^JLi *=\J-^cM ^JULJ cM C>Ml IjJ c5^Jl i 

C$^Xu*J 

\tv J 

^ CP-Lc* * J yt c5C^tX^Ub c3 cJ[jl^iW c>/ tfLC.^ IO* 

<11 ^IXuuii ^lLvAJ J) ^JL? 



AjuaUU , *5b JAS1! JUaII , ^ 4J jILaII AiUaJl 





(£^ ^ cm ^jj ^fd\ ^kuSS jP 

f ^UiiL^il I L^iI C^lt«< <11 <«<> c5ji /^*< 

.^lJLJI c^Li ^lJ£ j^>) cJ? cluitT.J / £ 



-: .khilil ^1 


-3 


- iclJUI c->|£*ii Jdi>dl cJJL^> cJl^ 
(Qt, AVt, Ceq) -j-f -1 

(Qi, AVi,Ci,Q 2 , AV 2 ,C 2 ) LvJ ^ Uv^ ^ C>L$^I c>lLu^il JL>b -2 





























CjIilulIaII p 


G lAd&'Jt I -1 

? % nd*) i j C^;^1 C^lj ^Uuuii U /^ 


'CK 


c 


<^Lola -2 

3^353t^5ii 


j ^^ZT^zrTij ^ 

ON*- Nlf«u)l ^ <dU*W 

. I ^yt^Jl i? ^At < * — 2 

?cUlLJ c^i-2 gylL^U d^\J> <a«^ll 5^JLli) ^uuuJlif (d^l3^jC* L#) oiill3 ^ /^ 


ViG c5 &lL)\j c5nju> i ciL^jl ^JlL^ ^\jLl-^JI c^jlLc* c>-* ol)Ll3 

^i«.,.:U &JL£> cj^£> )Jl 3 ^ilc. cl>^u cjLj&^J\ Jd^j <£^15 ^cJ 

^lLLsAI ^xLAi jyjuS g\suZj ^Li5l c5 ^l* _li) <sijl^ j^zzi Jzj^jl ^_iil c^U.,»rll 

cJ^UJ ^1^Jl dyysL^uf c^i dsu ^ylLgdi 




u/^J Qk ^* 4-iLil 4jljui1a]| e_a]tjj 


l^g. nj £jJa jj SlJai^a L^l^.1 ^jj 1^\VI 

^j| jJoajjI (j£judJ ^jl9j^all L_aljj <Ujtc- ajLo 


^bjii)^ c ^\£L*J/lJ) cJ? ^nJLuM 5^31-? c^3 c-JUJI cJ L ^-*—^ 

-3 

f^L^* bbr^ **. b<TljjI ^ul^II cfl 1 Lj /^h* 


.lf***k* osi* 4-J^V e#^** A 4 M* dl* As* gjU#iS tpL 

< ***/ s^^JugS jl^il ^lt^* * / ^ *11 ^\Jx> J?^il ./* I * I ^ ? /q* 

C 5 J-t> O^J) Nk^l c5 cS^L^ ■=>« ^S^uJLifi J^£. Ntj^l c3£ 0 ^ 1 ^ | ^x5 ^uu-Jli) c>JJ 

✓LlM C><stjjb^ ^iy? ^pL^il ^Lfi* ^vil c3^i C>(Vbattery)I ^ufi. (^U^l^-Jl 

.^pL^il ^Ul 

? C5VA^-ly (<=L^-#^) IjJu^u ^xlc. c\ju^0 £0 c^\^S\ J?^pL^il /^ 

C>(jJ ^i-yg glJL^lil ^115^2 cfl51^y?)^ ^pL^i) gj?^5 «JUU l^ ~<fu2 ^)^li <zJz*^JS ^x5 ^UL^li) 

.^sup ^lil ^/LnJI 


k. 






















(jtjJjJl (w-jJLa jUfl 





CK 


Ls^Lub (r-1012) cd 0 ^\jL 0 c^ub^J c5^15* ^lAI^ ziAb^J 5/ ( 

ojI^UjL^JI dAA ffuuJLf v ^ALAI c£ cL^j^ (AV—6V) cX-) c5 ^LlL* (R= 20 12) 

^lil^JI^LjL^li) ^slJup c> c5fc^ guj_IjfAI cil^iAlI ^UL, L/ (5 JLlF) L. jii' l^lil 

— ;cit ni( l| ' J -* 4-^ rOJb^jfl I 4Jly gU^ilil 


S^LAi £>£• C> * iiiTII cJugJ 


c5,^lcf*-^ c ' - 1 
j) Ly iiri?‘>»^ «i_»^tlil^ ^L^AI £_» ^1f^ulc- -2 

?(tg. i *< 1^2 CJ-* 



S^LsiJ gj£ ^LsJI ^LsJL* -1 


/ = 


AV 


= 0.2 21 


r + R (10 + 20) 

A V=I *r=0.2* 10=2 V 

cS^\ _>2)l cfJie. cl>jl gm ill zi>y> ^LyJ>\ c3 cS^fi^j ^L^AI c^^ cXj c3^A cl>\ 

AV=2V 

Q=C*AV 

Q =5*10' 6 *2=10 jic 

P.E= y C. (AV) 2 
P.E= j *5*10' 6 *(2) 2 =10*10' 6 J 

c^l ajl> (IN)) t^Ul ^ ^ly)l j|pS Ipti^ <Tntl ^4l5l QfJ* c>f l< -1 

U) ^ -* A1 1*11 «^<1«^ ^|iiu ^llL Jio Ji««> <«nitl) *| &a£Z 

Lu S^UI »JLP ^uJ c3> ^ chu 

v'n *5^2*11 A^uSM c>^ (AV-6V) ^1 c5> €>^1} 

Q=C*AV 

Q=5*10' 6 *6=30 jic 

=- *5*1 0' 6 *(6) 2 =90* 1 O' 6 J P.E=— C. (AV) 2 


AjluoaII A \\at\\ UjlloJaail /jiaau 

«• W ♦ 


Iy i “fX-LM *JU U ) £\_£r—l 

.(<=Lr^lil ^LC.^i! tfU^l^JI 



















































(JtjJjJl C*UUUO jUf I 




?4^ C >P 0 jA\ ^ /CK 


<S\JU^SS <JLA ^ yd£J 5^/ yu£J ^pL^ii ^ < A $ ^Jl3I 

i i 4 TLlm 

^lS5 £6^ cS gCjIj £uldf I^IslJl^ c5^>I c>^£> J>1 ^lJ^^ 31 ^LCr^r ^ ^ 1 1 tftjL^jii —2 

CjM ^il ^L51^i^J) O^ilp ^lJ^^31 <Zsl?ySli <Zdj\j ^ub^yj ' Jl vZ c 3C>bC^Ll^UjL^JI^ 

^LmjU ®LJOt>^11 *5*3 I^m/LjL^ C/O Jit <11 ^yvXii It J ^IXu^ii ^lt^ ^ijLL/ ^yUL^J a.al*M^ fl*Ji\ 

.<=L5b^J dsbju*j cA ^lJCjIjCAI djbjuj3t cJIjLSV* 

oJjJi ojA^ c> ^^ ^lc* ?y*P ^ULuJii -3 

cJjJI CJ L)^ i aS c5 ®LC»'^il ^JL^ii cJ L^JLu^/ I ^P^/j / 

^fOLij c 5J3( cA) ^ujb^jOl ^ljL^JI ^ giil:y ^jj?bb cJjl3 Ijl^ 

cjM cu-^31 L^lLJ ^*^j 31 c$\-Lc. ^-?li <su-l5 L/«jlIX' <sl--13 cjJ/L^x ^lScjLI 

.<=lLa.c. *ju* 3^* <su-l3 jJ.f’ cJUxl^i 

10J-> ojj ^1^3 cfJI I^IpU? £^i3 (Defibrillator) A3 ^uu^iU 

.1^> 55^ii (360J 

•O ^u jLl» ^p ji bt ^«11 ^Uu^li - 4 

.(Key board) ^lJLaAJ ^lp>^3 cj? ci^c>^ ci<£^ ^3 



^cJ? tftJx. JbL^Jl c5jil ^plliil c^vix. cJ^xl3 ^WV'bM <su3^^l£biJl ^5l^j3l cJul/> cjJU* oLJ /^ 

vX \ ?(Key board) ^Jliil 

i^JLCrb cJ? C\~y 0 c5 -/ ^Ul <SL5 T-jL^J(^ glJL^Jlil ^pSLJup c5^>l ^JlI^ ^3 'jSC* G\SLUU£J cJj cl^b 

.ly7t<* O^uI^l-uL^il o^u d^LLil ^jUlJI ^db ^plliit £$uix JlL^31 ^jlIx^ ^ptliil 

c 

ffu ysuL* c\%<«7* ^sluup csy> ^5b^J cJ^lx ^ ^bb 2 ^?^3 (J?Ll>) cj^L/ ^p^2( /^ 

(c5l-?i^u^f) <SUu-Jlil ^UL^ c3^ ^\^JLf c2 ^JU^A) C>^ 



<2r>Ul , ^ ^ <\-^J, ^1^5^31 ^b_ 

. K IjJj-x c^b Ljb^J ^li^Lcr v^L ,, ^3 



oL^yU ffd^JlSb dyy^dJL^S cS^A c^/L"*** c\%<«~A\ c ^>yJb ckj^3 -1 

.<ZlJU\ GilsUlS b 


3 i 2 i.Jt ^LL iJt. 










frUjyC-ftJl 


(JUJjJl l_*UUUO jUfl 
"** ■ jtQj* ^ - 


9^i, 1 < C» ol^ < <^v^3I 11 J ^iJL^il ^jLfi» ^U^l^ <11 J — 2 1 

>1^Jl l^w>^3 C>u cJ^U3l c>^jC L-jlIc, C5V*-^3 C>U ^4^ c3^3 -? 

5-3 L* c31>-?l cM ^L^vfeJ^-i31 5^1c^3 cjL&jv J£^\JAJL* guu^lil cj^slJu/? dsy> cJ^idl £^J3I _ 3 

<K)J>J< <£jIj IsvLlL/ g| -Ji^-il cj'si c£ cl>L$ju I c5-5_>—- t^w*_jJ cl>^> (K) IjJ^c. c^L> «ii^Lc- 

:c>^£li 

AV *-f 

.g|«,„:ll <=ix^ vj\j^ d>j+p- c^lc- <=l)JJj jLj^t c5c5 cJt^Lil c^JLlii cl*I 

(CkOcK) &j$si (K) *<-* > 


■ Bjlil cJj-C- O^lj £-* L-3 CU^hlj ^-lil OJI^UjL^ 3I gUUyJlil 




^pllLf , (A,B) l^I^jlyg 


NV j 

J? ^ 1 ''jjLdi , ^1 * <X^0 <=L^3 '^yJLJ GLJ^sl^J 

, (L b L 2 ) , (R) ^15 , (K) 





J-Axi) 


0 j£^-» cilJ£^\J>U^ (1) cp- 1^ (K) ^biil cJ 1 */ cJ^Clib £-/*k3 ^sujb^jG) 5i^5UM Jzj^> 

g-s?^5 c\^ju oJ^31 ^i^3l d3) ^lc* -3 ^ju ^^-2^31 ^-5* L^-3^5LLtiM 

, 5^5L3I c^ ^^u^l^JI c>b^ c5^k-ij ^ c>^j3( cV ^3 ^(Li) ^L^AI 

^U^l^-JS 0^-9 £-* e^SL^JUp cjj c5^>^Lul3) cJLaJI ,JL *^ &K *rf«7ll qj>SLlL ^ guLu3l fcJLflP 

^-3) c5^3 ^jL^iil ^sL^up c^yy c5^3 2^1 ^Ju^-ii) 

1c5^L-j 5^1^31 ^LiM 5^Uil c5 ^^xij «l3L3I &JLp 

.£^ZjL 0 <plljL#J ^31il &JLi? 



2 )1 pJL ^Ll JL 



























(jtjjjJI i_xuuo jl&£I 





f^UUiuii ^J^jU ^LjlJ l^J ^ 

g£L^ gUuuJlil z^SLuup Jsj^> ijL^j (2) ^il ^plliil tfLfal^-Cr «jUlj 

oJUil t>lfJ5b ^lrcil^1 J£^JA3 filijLi gUL^lil ^slJLp cJ jLlmJ iif 1 O ff> 

1^ 5£^L* ^oJ^31 (L 2 ) ^pL^AI ^ JbvlA3^^L^JI <^3I -? 




Sjjlii) <j£ ljLuJ) jS LJi^J IjLjj £)t- :^UHu^V) 
Iji^a jLnil ^ajj &J&11 ^Wj4^' 

(Jjj jSjfi t^lLi. (^jSj V LaJjc 

.(AV ab = 0V) 01 <*i 



«l^ I.~k*k., > ft ^ jjjxJI ^Lxj pi^J1 .-UjLLxJI Jt <■! j> j «l\ j -w A ^ ^TiaJ 1 Jj Lfc^. kft^rkil Cjlj <» >it~>a —1 

^E. ) ^»L jLa^oJl jljJLo yLi ■ y ^ ^ *. & ^ 11 ^ k = 2^ L^J jl. lii <Jjlc. SjLo ~ 3 ~w 3 

I J 1^> < pi ^_!l <JLx ^_i ( E ^ >jl 1 e.^ *^o <jjULo *U jlxJl djLoJl J l^. xl^. ift«.x-» 

E/2(d) E (C) 2E (b) E/4 (a) 

:<j^Sm ^ji v ^gh j ^»iit~mH a % . u jmLU j a»~i »»■ 11 Farad j q±^j —2 

J/V : (d) Coulomb x V 2 (C) Coulomb/V(b) Coulomb 2 J (a) 

( 3 ^ l A^.l k t .lx k 1 1 jl til l ^A> I l^. k*t *k * C l ^ k» . ^A-Xi J I J.LA 1 1 U*k fcft^fcll Cj 1 j <X *jytTlA 3 

i^jLuU * 1 » v 11 l ^ I* ..I J 1 J lA ^jli I 4jic Lo 

(9 C) ( d) (3C) (C) ( -i-c ) (b) ( -j-C ) <») 

L^Jojj . k LWa i ^ 2.3 J J lijl jLa ^f»L»^.^.11 lf-ll^^ ^jS <illa jjlv » t | 20|iF J l ^\x *** <» . ..*>a — 4 

: ^jL^ d^fx jji 

250 kV ( d) 500V (C) 350V ( b) 150 V ( a> 

»jU i jj.i.^> jx» jjhaJi »i^Ji • ^ SO pH | .«< 1 jxujiy>*11 .^11 oi j * * -^ 

jjLuj »jLJI ciij J jt jli • (60 pF J jIxLoj l^*>t .«« ojljj 1 >4 «^1 <Jjit 

2.2(d) 1.1(C) 0.55(b) 0.45(a) 


Ui^iJt &LlJ[ 
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Lp^ju I^ ju eg ^L/lI c^ULJb ^^^jlII L * Iqm 

? 1 uy JLJjU Cj£*C m CaS^ 


<La!jiil CjIjLuII 


ou 


^Lfuli ^ 3^13 (cals) ^p j-r c 5 5 ^li^ 1 * A 2 iy d^l^Lj 
cX^^ c5 ^LiJ ^Uu 4 -J?lliAI cJtfM^ cX^ 







> ^ i jj't" (jlaj 


cii^ cil/) 9 I/I £/ 9l/l C>i G^ c£wyJ) cxOi 9^L&1» cJ,.\? *.* 

<-.~-^\ r A tII t>L^I £* £>t^l 

>> J 


.cLZjjJ) 0-4^1^-111 c^JU £uli» c5 ^ 

., I.. X. 


LLJ -1 


4 -^tjjJ) LjljLnil JitjS 


9 olJil31 13 o? ci 1^.~..AI c3^L«-il dslLZiy c5> -2 

.«Lj 5 c^ULl/Jl 





:^lj^l Cj|jLu]| jljJal 


o>JJo 3 UvT«u 5 b^jQ) ^jL.*£■ -1 


\ 


. 9^1 I Lu^l l^jl11 » Gtl> “2 



*Lal jill CjI jLui) jtuxa JjISj <UiL& 


cJ ^ -ju-juM oJjClj oJiM £_Lgj 

.l*J ^y. csJil c^w^Liil 





















(JtJJjJl LfMA jUfl 


Jl 



•o^ 


c^Tij I c5j c<^I i 1 11 < 1) «i) 

^uulj q^J^Ljl/ X 
cV c^-i* c5-S oLL» :5l _ 2 
.‘suXjulII cjJjJI Vlll/> -3 
.(clJl^j5l) c> cj^ c>lL2-4 
?^llLr ^Lj5 ,jJ^ C-> Ll<£ ^«a3 1^ I gfuLLp C>^ zjp I L* / CK 

.(cJuvil) 5 Jj\^jSb cfub^yXii ^iiyi\ i\yj k->yS l£ 

— I «j( 3t4Gil# ^1 f <• gM ^1 < J cS^ 0 !i 


o* 


LM 


?-2 

(£max) Lp^I^lI/ (£jnd) cb^ C?v» (t=0)cj“» jbj^b cu^i^jlil Ji>l5- 1 /^f 

- :cl>__jjCl_? (COt=7t/2) L/^lIc. 

V x^ 

Sin(«t)=sin(90)=l £i„d = £max=NBAo) 

(G)t=n;) c>_>£> L», 

Sin(cot)=sin(180)=0 £ ind =0 




?u>^u 


4 AJ L ? 


cJl^J c Jw»' L/^lJ cjgjlnib (£jnd) ^UuJ LlJ-2 


- :L^Lxl* c^wv^jlM <=L_kJ^L juL* ^-S? 

.((0) ollil C^L^Jli ^U^ljJI ^LCr -1 
.(N) cilii <£^lii jAt -2 
.(A) 5^>l <=\lli\ e\^b^f -3 
.(B) cp^Liil o^' ASltf -4 
?LiVLuL* ^LlM ^ y^ySS L* /^ 

.^Lili ^Lxlil cLi^l ^Liil 

: Lo^I^juL# ^jlaIaj 

.(A) ^ijslUI ~3 .(B) ^<tll Q^jiil <5bL^-2 .(N) cLUl c^Lii JAfi- -1 

.^Ujb^jG) A^Uil -5 .((0) ^LC.-4 

















•O' 


^<WL)lj ^ «j)>1 it » 1 

.51^Jl -2 

. J^UI -3 

♦ 

.d> c>> c>ll£ -4 

cJuulj <£w» bb^TjT^ c>fr <=Llb» c^uLgj o^bx- - : cJ_?L-M 

#l/b cL>-* ^bl cJl*^ cp-Lc. 

? cbbl ^Juvx. t^u_» ^s>Lf I(jm 

/LJI (bl b Q■ J gfl)) ^jmJL) cJ^ 9 c}£ Ctiil b^ g^nT'fr 

al/b ^sC^j ^L5 c^dx. clUl c£ 

? P.pj i ill ^L> ^ubj ^ ^ ' li ^L 31 #l) r* 1 IjLA p~~ j Cr CL^ /1 


o* 


bi^v? _>-^ cJ o^LLU) j-jlc. 5jb^ /^f 

-: cV cl>^jClj <2^-*^ 




.^4\jb^J ^>1 ^<wulj £j«*)p\ i% 0 

► J 

.i\^>\ -2 


.cLLil -3 


.c> ^jj^lXii cV c>tl£^3 -4 


^Ljb^ill ^Ixjldii 9^£jtJ) ^I^JLO jLa r AJ /^p 


.oLlil cf^lii -1 


fU 


.51^1 c>U>*_? ^lc*^ -2 

.^<«)pl r«ll ^JLii -3 

gluJl) cfJ^JJ c5 ^JJlLIU ^jlLu /o' 


Li^* c\Zu ^ L * il ^ 5^5 ^xi^15 z£um^p\2j\\ c^JSi J?£(^3 >L5l 









cj! U>ls\ eXlis &il LL* ^l3L^X 5c5 £i*M ^Lii! - 

.^XjiSS \Sls> ijS^ csAAS c^w^Liii c5 ^JliIS & LuSl** d> j$j> oi^l 


j-d ^ CjH^a jLjj -lilijll JiLui JLaJI <j-a JjV AjS? jai^ Uinlaj jli ixj 

.J^aJ) ^ AiUaH <> J^- 4 ^' Ji^lj J-*a> ^ ^<>uJa 

c> Zl^+LAS <£lu^UI u /^ 

.^l^JI J£i^> c7> ^3bL$ «jUlJ .1 

-c^jCL oLL ^1 ^ Gillp c% cLi^l ^AySS t>ls\ ^xj^xs c£ ^^xslLmj .2 

CLuJup^ ^ CS^<2 1 (- / p '^ ^ ^yJL^y C ’AfyJLm C^i 

- :(>l^L^LL# cJL^b) L*jL?J G\* m < y *^ gJUjLs Q^LfT-lil cyyj C\JU^\^ 




cJu^Tjtli ^Lilib cS^A-u*-) cJ^3* c3L-JJ fcJLi? cJufuu cM cJl£? _ 1 

^5t c l 

£uJA\ ciypj* c 3L-JI JlllM vJi cJu^ixlM c>* c3L-JJ 

.gL^JglSl c3b-JI ^l)^ ^l 15c^<J U- c5^-1x31 

c5LJI ^iSl ^L5l c3b*Jl csA&* <=*jAS\ I^J^JvJ) gu^Jgliail 5&L/I -2 

?^tJLLil c>^ 

c^^LLc. ch JLl^ e.7^1 y\yS\ xAs\^ c^Luiil c7>^jC ^illsilS cS ^-LlM *=i^JI 

oii^ cA\*fr£b\ <zA&jA\ cA\ yy£j c^i <~yP ^jrwvJI *jlJI dU i^JLC-li c^ ^lc.LJ( 

.^LCrtyJI C^^LLc. c^JIjl^ t^Lfb c^^jjC c5jbl ^Llil &LfI cJlL£ 

Cu^i ^L^ii t* l5*I L ^<\jl?I li?l^ n«* c^P, ^Li-b c^^ ^lJ ^jjL^ *0^* c< < < / ^ 

- :^jl!c. c> 

?^JuL^^Ul ^3* c^hJLsdi c^jl3t c^l irfuLc. ^uiLii Qj-f ^^Liil ^Lul-2 -1 

0>^LLfr CH^ 6, CvTyM y\yS\ &l/( cJU^it C^a)1 C>^Ij ^illsili c5^-Ltil ci-1 

.££1*uJ) C1aJ3( V^JLC*}j (ZtduP 




^LCrLJt c^^LLc. &Lfb c.7^1 yLlii zlsi c> c&^-ft c ^sA c>^jC tfLLbub c5 ^JjlJI cJ^JI-2 

.^wuJ) dtfTM £b jl^u 























jUjJI jl SLa jjiil Aajjj uila Si]Ijldl i' AjjLj^£JI AxStilt SjUl Aj^uI]) jA 

Aj)i^j A-uii] 4 aIa]) ^ 


“X 


/ 

j ^ind 

N 


CAI/At) 

_y 


9cill (L) Ij^JLc* ci5 cJl*)^*J) L# /^ 

-3,JLC -1 

.cJJuJiS Giy«<yilkl\ -4 .dlUIi ^JjCiM-3 


.call) -2 .ci111 cf^Lai 


^15 <=LjL2M c2 cJ^juu; <=i_J ^LzS\ J^> lil c a l l C^ii ^J[ju0 - :(H) c5 

— m m - 


■^1^ JzJ 



uilfl Jl^ij iS& 4 flUU ^j)i]( d^]| J-abua jliLa Jbjj ♦$♦ 
AjJ ijillt Sjbj ^]) ^ Jjj il]3 (jV ui ija v jlL-flJt 

( $\ A\\ A \i i* % A 1 1 



O* 


IjJLic tfu^LlS ®^UM £i-l? ^jlL 6 I ^LlM cl>tali /, 

‘SLf^iLf gJjLf glial! c£yl* cVo 1)-J!^J> v^fiicz<< <«/ /g 

?dli) oiS <> l5 cJvil cJur)Lr /^ 

.(I)oLUIc^c.Ljil^UM -1 
.(L) ca 1^\ 11 ^uljll! clAt ^Jl#L*-# ^SrXJLj -2 
?<£^J cJ^l- 3 ^SlfcJI c^3 cJu£-£ AJ lAli /^ 

• C^L^lj ^L^bi) ^JlSLAI *JUU callt /^ 




: JI>JL jSj tit / (Al) £|6 (ilfiail. 


( AI=l 2 —Ii) ^Llll C^li (I 2 ) cil (Ii) C>^ ^XuZSS ^\^JL 0 jyu bi -1 

^Lbl ^JliM c^li^L^JI c^I ^>LiM c^wJ/U (Ii) ^LiM clsli 1-il -2 

(AI= - Ii) 


(AI= -21) 


Liil ^JliM c^li ^XyS\ t>lfl ^? (I) ,\uZS\ ^\^jl0 c>b (Al -3 


















































: c 


I (4A> 


1- NO=LI 


2- P.E= y L(I) 2 


, AI. 


^L3 *=d (500) <suLii ^ (2.5 mH) d-'b-* oLb 

?oLiil c5c^dldl ddb 

?oLbd c^Liil dbM d ^3^~Ud -1 
?(0.25s) djA^ ^Ld) &L/I ^dCu) Id oLUI d (d^.c3) d^x*-* -2 
®=(2.5xl0 3 x4)/500=2*10 5 We 


P.E = y *2.5xl0’x(4) 2 = 0.02 J 


3- £ in d = -LQ = -2.5xl0' 3 *(^) = 0.08 V 


y cj\jl 



| o^ib ^Li I b / 


oLUb c5jiil di-li) d ^L-lM ^JLli <=L^lJL3 (£ind2) c5^3b ci-b d c\lU (d^.-5-d) d^3 

.<£ddl 

?g4^db dd-b c>H (M) d-jblil cdi d-^b-# ^juvIaj tab /&* 

: c d c ' dd^ dH (M) d^Llil <£3l d^d c^b g4^dl d c>biil cd 1.31 

: c$l (L b L 2 ) ddil cdd “1 
• dib cd C! ^ X ^P^ “2 
•dd-bl cd GiJLpLiH -3 
I c>^ cd dd-b c>h d-?Liil <£dl ^jlaIaj 

*(<* 





^Ult ^^udat ftdt (gdiljlH) jjSVI Jj-^d A.yTu JalB (LijL^) cjddl CjjIjj Xaxu 

.O^dt 0^ 


m=vli.L2 




J? 1 .jlII y < 4 ^lJI cibut<^i ^ jl^ < li cdl J? 


'O* 


dldb ^b«? gi 4 k r* c5dl diI ^fub' o^d JpL«j 

^i <■< / ^Ljb^J ^ix^b 9 I^jl)Q^ jyil ^b^ ca111 I*jl^ ^^ <11 ^oull ^*o<«<jbl Jill 

c^ju gbbj ^uy^dl ^bd) d ^db^dl dt^dl dbl** dlJ dd 

.tfulill d^b ^/J)l q/?I^c»I 

?(0.7H) c5^b^ dd-b dH d-?Ldl cd d^b.# d>b -j^dl b /^ 

.(0.7H) ^Idl ^id d,~dl dl cddl oLlil d &Lhy (G?.^.cj) dH c^l 
































dill) c£Jp Cjy> Jzj^ *ju^jlH Lillis <sillp cJOji^i-Lr cM^jlfLlr C>li-L» /^ 

dJUsJS ^GljLil <£^il cI>L) 1-ili ^1^$-iil cp-^c* g\ijLf^ (100V) ^4* cX; c5^ 

— 1 (20H) *lLtj>LL^ (0.5H) ^U^JJl 

?5^JLiil c3j4x3 c^uI^jlIjJJ) dilil 5^jl-? ^Llil ^ui-li cJ^util -1 

c5^3liil dilil cJ ?ojj c\ZU ^ujb^J ^l*J 1 j 5^5 ^5 )4l ojjiiil cl-^Llil o^l cJl*Ll-* -2 

?(c5\5LjlI^ 4J| dilil 5^51-3 ^ ^plliil c3jAi.l ^l|^) (40V) ti^LuLr 

?5^5Uil c jJ-i ^juu ^^dLxijJjl dilil 5 ^jI- 3 d? cAuA\ o^liil ^Liil -3 

?c5jjllil diloJl C 5uljLil d^il cJl*1jl> -4 



























(JtJJjJl LfMA jUfl 



Lj^cJUI 


CK 


? ^MsS\ .JL^xil c>^ C^-b cs y ^ c ’ Zjy *chilli I d>jb tr^xle* cW-^ ^b / 

.^15 C 5 ^- 4 ?Lli^ c>( >-r l5l bv-L^ 

? c>jy ^ b I cl>^JC cP-* I o* 

• ZJ^ cjJjL* cJi C^La-lil oa-b U^aIc* /£ 

.cL^b^yXSS dAlsdlSS <=LS ^ cj~* Lil5 :5 ^IlJJ ^i-Jb^jG) d^UUM 

(~^~) CM'jJI £^x/> cfu^JjpilklS cibM cJ3 <zlL/?)J>\ cj \^ytlil c>^ Lll3 :5^ ^ibb^jG) c^UUM 

\^il cU>l> 

U^J 
l^b^JcJLM/£ 


j%ju -0 ^u^J^Lo cib^ ^L*3bbi ^1 ^ cl^i ^LJI i 



'v^ 3 

2 ,.. ; U--. JJ<1 <t> ^aJi 5Jftilila^WJ! .-r.„U-,» 



c>bxlbUl -1 

e^ub^jQl -2 

Z&j.'^i ^ 9^l)^ uil 0>ULJI ^l ijr Itf <) J?Lj ^^1 /^p 

> c5L* ci G\Zy * ^^_lLlJl c>-r G^^Jup cS&t U^-l# cJ^ C>J>lSbxLr cXlb^JLb / J 


£j*JD QJ*-* 


/Jl cJ kiil c>L*J c^b £yU a2 ^JjC^ csyLr.. a ,^J! cSj ^I r^li! 

•cJ^U , ^wub i % 0 , ^IJL^jL/ 

S£ L^l^JLl^/l /J># C^yW -JL^i tfU^L-JLr ^W>l^b Lpt> 0^51^3 I ^JlaJlM 

■ C^^Lliil b^-L* C>T 

^ ^L5l «l 3^il c>^ oL5^UL^jtil <5L5UjLgJI c^ olillj c5JLi) cJ^^jlIJI cM J£^J43 
iLlil C>tluJ GUifejili ^L51-jL^JI bl^ OHL^ 5^fliJI 

Lli>^ cJU^I ^LJj^^J i\ o^l^l ojl^^L liil 

.^Ju-b ^plyi bbl^ 

cib^l cJ? LjJ^^-5 ^L5l c^ ^jL^jii) ^l5x-uL^ji o>l^L3 ^xi / ^I:;:^ji) 

^3lii lii^ 1^5^I25uc5JLil cf^J?lliS\ c&Ji .il C^ l^xjljj cJ^L fU-lS C>jy c^^biil 

C j^ r aS\ c£ LgJl 13 ci ^£rP" <ZLfLy) cJb^l c>^ ^b5l C> -Jl*^ &l/b c5l-?l 

GLfLy *\[j^ yS c~> ^3lii ^l) cJj^JU (FB) c\ <_<« <y[lju* V OjlJLil ^xi^IlJ 





















(ji jjJI (w-juU jUfi 

Utl >.,\\...H _ 


•o 


^UUu> ^^Lu/JA^J 

• Lg» I L j l > cJ3 ti>15 c!> Vj>Juf c>£L$I 'jJL cJjC^ ^Lfc^jlil 

?o*-Lr ^ cs^ 0 «L*il-? 5^J ,jb_^3 J?Ll3 ^p^2( /^ 



£ll£c>^3 ^ju^juM cV c^-iS tftic^OCL* oLL , ^LjL* , (9V) <=L-kAd^)3 

(80V) 


-0^0- 




.Q^juii y c^l^ilc> i^ ^pLaII^ ciili Jd 

.dill1 c5^l^-lil £$Jx* c3“2 

^ J£^JA3 Ji , ^plliil da 111 5^Jl-3 c 5-li3 -3 

.^L^i) 



2-^^3 J£^>M3 ^plilil oLUI 5^51-? 2^ji3 -4 

C>^ ^11 cS y -^ jS0 C>^r^l C>^ ^cl>^$-j-bl 

.»^Lbl ^u^tjjbl 




cJfc ^1 <=u3^ C5 V ^ X ' <^ LC '_*AI ^iil d-^ C>b ^plliil c3J^dl C>^-iJI £US>^5 ^*^LC. 

(S.j.cj) ^1C\ <L ,~\ \l^> c>jL &^)^uLr dil cV ^.li tfuJb 

.^/b c>^3b l^J cu*uA\ cJj^ jJ oLU) 


^_j_J ^g \dgJb yj? ^\Jx> 0^^JliC^<^J ob ^*Lbl ^LJ ^pLi^il ^ I 
^1-Jl3 £{lU (G^.^.CJ) dill d3cf L ^- c ' *-b^-l3 dilll dJjA£ ^Llb £j»^bl ^yy^udJLi^ 

.<zl?l£> cP^J ^jb ^L^il J-^-5: ^L?u? ^iJlil &Jii> d£ dill) ^Lllil 5 




























<i£<; ^.x^ilULJco JL^o JiJj ^_aLJ! <l^jJ ^j! jj *■ 41^ jjjj Lo_ur. 4 

otiJ JJH- SjLj jjx. j . ^ HlclX * ' *•“*• A ^ ^il»li _ > f5UI O-fil jJI 5 jJiJJ j\ Aa^ ^-UvT | jJ J_> 4 ( 41 ^ JfL^JI isL^.V < L I,ClC I R 
- c 1 a 1! ^jljjjJI JJ jlJl «LA£.Ijuq>o j <Liic jl£lo L..i^> ^Jl ■- ai-ftJl j-l-vC J-ilc > j * Lilr Jlui^Lo ‘GyUi ^J1 - 4 L-. 11 



: jf\v i-tj ^Vla 11 «ll»L<jls! jJ! 6^iJJ VI jl At aH 

(3/2) e„ -a 
(1/ 4) -b 
(1/2) Smax _ c 

( 2 ) S max -d 


l-a l\c ^jJJLA l _iu-O ,^!.i]l s^kCkJl i jJS Lii x » J) 

. - cU l <L^> J {jC. I .V UL.t < V^t lULJLo jL i_uJt.^~t t\ 
.Jjja jJI 6JJk jJ jLl&xJl j-JlLo jLlj oLo!u j^.\ v_ilo jl » ■■ C1 aJ l 1 JJ5 ^.ju") 4_> 

jljJLoJl j-ixiLo ^ jLij wLLJI Iaa C 

^ydfatAiJoLJco Jl>* Ja.lj V fllaJl 1AA jjjOj d 
<JL^ ^.*ttk]r>LiJLo JL^O ^ i4.it > cJ jaTi > <Luo^o JjLuu ^ijia ^.lc. <LijL>^^Ji ^JL^ljJt 5 jJLl 1 jljJLs (S 

.^lc Jl A ~ iX j V 

. m klr>l >>■ a 1 1 ^M^-k&U <- x --a 1 jt M1 11 ^LuO J — C . 4-Lt 11 j-l~vQ b . jLJI d 

. ^-tu-kL> Ll*~cJ I vC 11 ^ C IVC d 

mk]r>LJL<Jl ^uck-kjJI a k j / 

weber -a 

weber/s -b 

weber/m 2 -C 

weber.s d 


. ^ Jxvlx i V | ^al jJI .^.fcr^Ji d^obt^o S 

- cIaIi ,l.i.'laIi jLijJi ^5 j\x \11 ^k-ojji ^jjx-aJi C <._ft.i,aU ^ j.k»,jk^.n j^iJi - b .i cjiiJ jjc. a 

i a 1 a 1 1 . a J}~y~ ^ ^ 1** “■ j ll aI I «LjJ c il l d 










































oLtiJ C% £*U ^LJ O^jLL# ^ C^L-fclr ^ub^J jyjo LSI ?cJl-Lc* 


/ 

?>JJI 


uaIaII) 4j jjL^aII uaIaSI JjjjXj IjJLLa 1 j- "jki *• a (jiajfljJ jj ^1 JjjVI ufll^l ^ jLtUl jJu (jV 
^IjIjS (j^jli jjSj ^^jlll) i_a1a]| ^ ■» jLu a!jjj (illAS Aajjjj 

^y-tulaUfcAjj^l 



^01! J*aill JjLuut 



<j“ 


^ 5 -^J (30 cm) fc> CJUQJ^ GLa$ (40) tfulii -?^JLC* c5^r5l-3 &JlJL» oLb 

cJjA^ (0.5T) c^l (0.0T) oLlil 5^UI ^^uu^llxll q^jLM d>^Ju LSU cjmJpLjls 

- \d>jS-> b^Jl Tc> ci-b g=i7Ty^i I ©^JlM b .(4s) 


5)^1^; dlli) ivA^I^Jl «uJ3l -a 

fctfill c5|X/ (30 ) I^u/Lj ^*o<)?1 *<11 Q^jiii ^uLi ~b 


a- A=;rr 2 =;r (30xl0" 2 ) 2 = 3.14x900*10" 4 = 0.28 m 2 


£ ind = -NA(^) cos© 


)*1(T 


£ ind = -40x0.28x0.5/4*1= -1.4 V 
b- 0=90-30=60 

• (B) Clilli (A) euo-Lil c!n_> 


3 


£ ind = -NA(AB/At) cos60 


£ ind = -40x0.28x0.5 / 4x0.5= -0.7 V 






























(jtjjjJI (w-jJLa jUfl 


f.Ljy C_ J! 



<5lJX) 1 cL/^Llii^ (2.5m/s> (0.1m> lyS ^LM cJJClil <£lV_>AI c3Lbt al^l \ ^ 

- : gr<rii»l (0.6T) ^ (0.0312) c3LJi)» 

?c5L-il (S.j.&') -1 

^AJLiAl c<TrM -2 

fc3l... b «w>-LAl 5-3 

?9<slJjQ| A^Uil c .a,:M -4 


£ind= vBl sin0 
£in d =2.5*0.1*0.6*sin90 


2- I= ^ = — = 5 A 

R 0.03 


F pu i,= IBL=> F pu u=5*0.6*0.1 

p=i 2 r 


Find=0.15 V 


P=(5) 2 *0.03 


P=25*0.03 



F DU ii=0.3 N 


LH 


✓Liil ^LuL» d>b L»._tic. (360J) <^*LA oLL» cJ5 g> TV i 11 o , ,^1 !• I t «SltM AStf lii 

; Cu^ I (20A> <=lJ 

^dil —1 

?(0.1s> ciiA^ ^Liil ^jCoi lit olUl i -2 


1- P.E=4L(I 


360= —*L*(20) 


L=—=1.8 H 

400 



S\^\ 


. M . 


2- £ ind = -L(^) 


AI=I 2 -Ii 


AI= -20-20= -40 


£ ind = - 1 . 8 *(-^) 


Find= 720 V 























(jtjjjJI (w-jJLa jUfl 


Jl 



pLLub c$uUM C>b^ ^*l3 zp^tpXlju* JdI^3 VfryluJ C>U^UtLr C^li-Lr 4j»^ 

5^lc*^ il (0.9H) c5^3Llil cJlJuJlS (16£2) ^lL^LL^ (0.4H) 

- :^LuL* cu^l (200V) c^xjLjlL^IJI oLUI 

(80%) cjM ^Llil jXjjs^S ^L^-i ££\jLjl!^UI dllil 5 ^jI-3 ^Xi'iSS ^ytli ^Ljlii 

<stl3 cS dlli) ^ C^- 2 ' ^L*il^i) 5O^tlM t>^I^JuLr c>^ 

T _ Va PP _ 2 ^^_1 ^ C A 
Aconst- - -j^“-l^.r> A 

Iins= Iconst*80% 

Iins=12.5*—=10 A 


100 


, A/ 


^app - L( ) + Iins • R 


At 


200=0.4*(^)+10*l 
200-160 =0.4( —) 

At 

(^ )= ^ =100 A/s 

At 0.4 



(80%>^LiM <=\4j-^ c^ul^J)! alllt c3 ^Liil ^JLii cJ^txi! 


M=VL1.L2 
M=V0.4*0.9 
M=0.6 H 


£ind=-M(j) 


£ind= - 0.6 X 100 = 


























(JsljSsuI) 































(jjJLd JJjj Aj j J SluJl jJLLa jbj jfc 

jfJaJ jjia JjS Vjtj t^UAj 




?*=ub v~juIiS\ b^ c^LniJ ^Liib ,3^^JLiJ b /, 


o* 



4Jij^uJ 4-fib j££Jt jjI j»li) lj jUlaJ) jLnit JtaJLiui! J^uaL 

U^j 43UaJb jibk JSL SlauJI bAib^t 4&1 

liflj diaJl ^ CxS&* Jjjjlaj O^VW 

^ JaiA. j\ jij 4 jbc 4 -iibj^iJl 4 J J-axlub i-uuilt 
# 4 jjbj^£J) SjJJi ^jjjj CjILlui I^IV AjjUloil 4 -JaJIjiUi 



?bii^ foyt rrll ^blM ^yX/kS 'jZ-*^jjLaJXi\ ^\^xslLl*\ c>^£ cJlP /ck 
ci^iLJ Ci r/> ^1 0«JU«JLJ) ^LbJi C^^lj ^Uub &L&JS ^ui^lj) ^ 11 

.oLUI (c3loLb ci) U <=b^l^1^31 

< 3) ^bJJ ^b? (^b vX> ^bi <JUlJU ^jAXr /^ 





J 


o* 


.^jljaJl jjjUI! 

cl»__>£> ^LlU ^_^JI ‘=l*vL»^ <=L^i^_^il cutl* ojj ^_^JI c3^ ■=u i _? 1^ ^blib b /, 

? ^l^di c ^-^31 £f ci^b^Lb ^JuuiJ 

^^Jb cM^vi-Ij ^blM^j c>I JLLS 'jjLtp c5^bJ &JLjJ (O) ^^J) ci^ c>i /^ 

.(gLt«j J oJ^1 b? ^jL^ 3) c 6\^JU cLU^S\ c£ ^\ t J>JLj bv^J £$X*J) ^LuJu 

C\^J^\ <SL*^Lb (^JLc~ c 5C-^Llb ^b5 5^5b c5 tb^uJ) z£^SLL* djS^J ££>J?b 

. U5b C -^>^ Li <Zp-£\Zf -1 

• c^^il ^l^uLU^> ^b-^31 cru c^JuJLb -2 





































(JtjJjJl l_*UUUO jU^: 


Jl 




(j jil jxIuiaII jLill] ^jLutail <_ijU1a]| jLu]| jljjLa jA 
<Lutij fj jl j^Sl jjjllil iijj 4jli 4_AjlLa l-iLuJI jJ 

t' ■■** <LajliaJl <_jjU2aI| jl_n]| eilijj 

^ 1 * 3^1 Sjjiiij 


ljjUIaII jLnll jjjxJl jIjAaII 


c jb\ c5^LJ Ji (I m ) ^Sml» «iJ c/^Ll» ^LJ c->I jli 

I^jLt _j^L^0 ^LJ 


^\uZS\ L^uijj ^.c jil *^LuLr I l 'j\%~> cs^LlU ^LiJI c^Ji 

l^-Lr^ Chilli) ^L-lil c>^ ^L/UI 0>l j3\zS\ £2** C^li Ijli dujlj ^lA\ 

.tfu^l^ cS>lcJJLL> 

?(I e ff) ^luil ^Liii ^Xy\\ cA.A c\%^yS\ ^ui\ I^ 

P=l2dc R 

P=I 2 rR ^LM^Ldi 

-^-LrjJl 5 \ 1r ^Ju c\j^lll\ cijAJ* ^JLuS\ ^LlS\ 

I 2 d.c R=I 2 rR 


I 2 eff = I 2 m sin 2 («t) 


t 2 t2 ^ 1 

I eff = I m * y 


I 2 eff = }*I 2 n 




O'^L <li ^1 < <11 ^ < li 9^^JuiI C^i 

.lyuJlJ 


(Ieff)^^>i^ (Id.c) c£ u ^- c ' O-^W 


Ieff = ^| IeftV 0.707 I n 


?sl3j cJjj ijL/^ ?ijliJJ <=l»^LL» c% ^Lb v^jb i^^jSS cJ^ui_* cM /^k 

c ^Jx. g'L-/? -3c^- 2 ' cfui-Jj C5>JI tftJLJI -5/£ 

5 ^ 1 ^ 

¥(Xl) 5 ^ 1 /o-* 




(til.J.(j) ^Ijj 1 4jS jLaSI ujjUIaII jLnil .lua du^_aJ) IgjJjj (a5 ji1 4 .<.h£U.a1) 

.(ohm) f jVI I^jI^j jA«^xil Ajlaijfl (jji£bu ^2 Ajj^x 




X l =oL X|=2rtfL X|=-^ 

II 




































9jiy)l (OhlH) C^i Cuji 


X L = 2;rfL= Hz.H = 


Volt.sec 


Volt 


sec 


= ohm 


;4mp Amp 

?^ c>^3li c^V ^bbl -3-5^5 -?b-?^b <£il 5-5^ ^Lub jAjjS^S oLJ Izj* 

eX$X> (—) ^Lbt ^JLii cbubl -?b-?^l 5^JLbt ci c-'L^ii) ^Lbl ^b^l cM 

c5( c>^3b cpJx. (£j nc l °C-^)4J cl^uAS <zJS ^X cjuuu <^t ^ (<2f.-5.c3) 

L^J^UJ ^5>JI <?LxJ tail ^JuL** exit 5-5^ sXtji <SLfOl3 -jb^-l* ^Llit ci ^JuJS ci-JUuit ^Jl3 ^ju 

.^LlM ci 'jyillS Oxl4t 

5^Jt-bt <^t_JbJt ob-5^lit ci^ I—jl^ <sdj?t^it d^t-5-5 -jlLx ikli <=b^bb ^JuuC. oLUI /^ 

?bb ? ^ 

ct^bl oJCvbL^Jt cil (Xl°C F) c>Ji <=blit 5-5)^Jt cJlI 5 ^31 ob-5^-l)l -jlIx / £ 

-?bjj l^e ^bit ob-5^-lil -JlLc. bt (^IjLIjL# 5^b) <=btfL^Lib ^Cix* ^JuvX ^Juul 5 oibt cM 
.(1=0) c>l c5t (^>5^5b) ^L3 c31 c5-3^3 -x5 I-jl^ ^4 ^Lub cb ^lil 5-31^41 

:c>b-jJx gXJlA tfLxlit 5-?t^1 CPJ-3 c^U /^ 

o*b ££ibcr c5^ oLbJ -3 ^os-b 2 f^v r 4 i i«* <^juP<xX!l<•<> 1 

.^b? c5^bJ Lii31 -?-jlx cpJJ ^iy3 = <^ix_2il «u-?b -1 

.tfubb ^tit ^jlJI o>4 tft-b-b ^Lxi) ^Ujb ~2 

^Lxu4bli ^U-5 ^jl 4I ciLfir Ip^i-JUL# ^Luii ^Ujb -3 

^pLx^il CJ^kS. (3b <5u^Llit ^ j-b £-* ^pLx£_* £_# c3t^-bt ££\-ix. Ci/ 




?o4l oi3 g'^l^it -XJ-bt 5l^5 cJb 

- 5 I -2 

?^-JL^it ^4 5-5 b4 “1 

L, ^ 

SjI jll JlJjj liislij jIjJj ^li!) CxaJl JxUx -2 
dlLj jUI jL^I JLs (X L 0C L) OV 

.^UxaJl ^tAjj JSj 


SJljll (X l 0C F) -1 
jU! jLjSJI JL lj] jIjJj 
.^U^ aJl gA jj JSj tillLj 


>b bb ^Lx^i^5 ^ cb^bl c^vifr ^^L^it -JU-Jlit c># «U-l5 oib /^ 

?Cxxxbl ^4-3 ^ ? eibt CJU^yS c>^ ^y^bt c3b/ bl ^pL^il 

5-?b cb^ oibb exit ^Jl#L*-^ ci^b Ocibt cic>* ^^-it c3bbt ^P^t t-3l /^ 

^pL^it ^ <d3jb jL^ ^Lbt -?t-?j-J 5^Jl-bt guuLs eXSSu cb3^ <£bl 





















toisjib c&SlsL i ^51-3 c£ I cf^SiLr I o* 


•Cy) = (I) (V) <^sC-> d^u ^J&S\ c3> oji /£ 

? cicL^ l^-J c^Lll* ^LJ 5^Jl_? c£ glJJ )I i^^uaJI o^SL^ cp-^ L* /ck 

^jlM ^1 ^L-lil -?-3^5 cJuJp &»?»?^5 <^Uf^ii, -l 

AjiL^ -2 

-j^*^lc- IjLP cjs^-i c5^L-j c^Jt> <£^ c5 «i_L»b aX1^lA\ i^~ui$\ cJ-uu cl>\ Iqj* 

4 Jlilil 


4 SUaJl ^ fbJa ±i.jj v I4I4 AJluJl f l>Sn <>£ SjJAli 4 ^^1 *)>SH £V 
(jli (ui^>a 11) ^jSfl Sjj^l £Jj tjifl uiiUJlj (JjftUjVb MiUall ^ JL&I dUA 

Sjj^ll £jj J^aj w ‘ "jkl '* A JIa-4 JLuo CLi^aIL (jjAJj MiUaib CL^aJ) JjJj j.Vn a\1 
.AjjLj^S AiUa jLuu jA^oll ^1 <Ufl 4_jj j^aII AillaJl £-^jj CLl^aI) ^jli (AjILuJI) 4 jilMt 


j.Vnall 4_JaJjfl JJjj ^ jJull 4juaL& 1) 1 j \'"' <^1 4 .ui£U.aII ^A 

j&blxllj (jkxjj (Xc) ^ j^JJJ l 4 J*^*i AajIj 


2nfC 



Xc=- 


F, 



a\1 )_4 /qjj 

VAjjjluJI dJljib 



?<=l*-uJI ij\^ ^Li i^p-^ c#'-® (ohm) ^>1 cjl &u5l /<^» 

11 1 


Xc = 


2nfC i/z.F fJ_V—"l 

\secj \VoltJ 


sec.Volt Volt.sec Volt , 

Xc=-=-=-= ohm 

Coul Amp.sec Amp 


dj\jsjs ^iM ^jl!c> 55c5 ^Jlaju /^ 


£Uu-J cJhSb^ (Xc oc -jr) cI>JJ ^vJ ^JlI5 <j?ul^J1 oj u ob w <UUI <jl! 

.^LlLu 9o^b/ ^LlM 

£Uv^J Ji cJllSb^? (Xc OC X(y)) c^ji 5^vJ ^Ljl^JI 5*?l^ c^li ^31 ^lil Lrl 

^1jl0 <su5b -jGl 5 JLxJI IpJjAj* d>* ^blS\ 






























































(JtJJjJl LfMA jUfl 


Jl 



?c-JLuJI^ cw>^Al ^yyPlfJ^lj ci cj\js i^j\^ c£ v^^xlSS ^sl L#^4£j /^ 

^^xllj v^ j\^xS\ c£ c^LA\ ^Lbl cM c5l (—) (1=90°) (V) OJJ ^^J) c3cXU 

.(90°) c5^LJ ^^ c3^ 4 ^^jLM gpJLcr 

?CJ'S^P &La .oij c5 yS CJ^X t i * ^Lj 5^l^ii /^ 

^lJI^jl) /JlL> -1 


c)1aj1 (3^Lp Qrt< 1 ?bli 


^AuZSS j*j*^ ajuup ^5 -2 

c5^LJ ^Lb dA^j* g\£. pX c\]g ^^-lil £,^julM -3 


pX V 

1# GllslS e\Xly~<Jl\ V^^XjSS cJ^UL^ cM /c^ 

?<=i5l^Ji dJ 


Jlijjl L 2 U& (jHj AiUaJl ^LiJa V bill] t$-la *UiLub) f Ij^Vt <. 5 ^ SjJ&U 4 ^jaJ) f )j^Sf) 

AjluuIoJI Jjjj Jli (lj^ ,ja1\) ^ijSft SjjlSt £jj ublubtj j^l) dt^jVb AiUai) 

JAJJ AxauIaI) jii (uaILJI) Sjj^t JJJ c^Wj4^ AxauIaJL (jjHj ASUalb 

# 4jjLj^£ 4iUa jLuu j.Waa ^J( l£j£ Ajjj^oI) AiUal) 


^-li CJr*S- (bb 



I^ ^ II ^<vlfi> tft 1 rf« r # 

- :OL^yJ| £# ^pL^AI 


J^b^Lc, 5 jL cJb-b -1 

Ioc) ^ii) ^Lbl <£l3ju^ (Xcoc (- 7 )) c>JJ ^u^juJI »jl ^1 cJl 2 j gl « ClJL^, »jL^ (^UU /^ 

.^L^il £uS>^ Oil ((-£“) 

jj^ 0 jb^ -2 


I 


>Ij^j (Ioc (-^-)) o^ljJb ^lil ^LlM (Xcoc (—)) 5^1«uL^I3 cbl Ip 

X c * I *"L- 

1^ ^»l 5 __^jLL/ cl»^LL» «uil_jl/ ^L5 5^ij ^ cb^Jl Lv^jI /^ 

?5 


.SjJS bll^Luu 4-4 jILaS) La) SjiS bU^Luu V AjjjluJ) Sj)ji) oV J-uafl! Sjji-la]) AjlulLo]) 


\y)j 

l\ 


^3li tbl^J) 5.?)^JJ /c^ 

.^*^1 ^3li cJ^-£ ^Lj cX>\ ^jb) ojj gL^bl 5^)^Jl /^ 






































I Tfirl /o* 


c \ j ^tlil ^l?L^J1 cJ? gTliP Lij 5^1^Jl cJ^I-5 ^l5L^J1 -?JA3 /^ 

?cJc>^li C^l 5_?1^i) £ 4 $ c^S> /^ 

.5^1cJJCi 5-^|cW-^ GulfeM c£ fcStf-*MA I £ 



/• 

t» Prel 

\ 


Pf= 



P 

r aDD 


— 


— / 


S^jujSS i^XaS\ dyu gL^jJt -:(Power factor) 9^^131 cJl>U> 














































J?(^Jt ^ ^ ^Uil gfl^ c Jvil 5^^ll3( c$vi> —:(Prel) <=UjLjLil S^Jllit 

.(Watt) 


.(V.A) <zlJLjl1S\ £^S> -: (P a pp) 5 ^ulM 

?c^Liil ^XuZS\ v ^51-3 ci-4J ^iAc» /^>-t/ 


.l^Afl AajIIa c-unn Sjtja* Jinn SjjUI ^ t flfyu d i Aj La ^ 


:tj^J 5 ^julM <Jl*Lc. ^1 ^ c^LT lil o^L^li ^LJI 9 cUil £_>3 L /, 

^L^JI ?1 -2 -1 


O' 


.(Pf= cos 0= cos 90=0) (0=90°) <J**j (-^ 4***I« jt Li£ dia^») m SjIj -1 
Aj^ ^ (R.L.C) {J& d >Ajiljla t-Jj'-^ j' 4-“^^- 4x«jt ^-ajlla -2 

.(Pf= cos 0= cos 0=1) (0=0) c«jj 

($) Jxaj (f \^a j AjujxIaj Adjlld jt Auuildj Adjlld jt di^dj AdjtjLd) Sj)jj AdjtJLd -3 

.^tJ <> J^t SjJiJt J^te OjM (90 c> J^a <> J^t) 


?l^ti c^Ajl) ^ 0 j^ u P^ i^^uSS cJl^Lc. <Jul£ ^1 «u5b^J5) <Jl13 /, 


O* 


jbjJl ^jjSj l_u^ 0^-^ b) J^t Sjtj^ Jlui JUS) (il^Luut jjP (SjJjldJt) AuLuaJt AiUaJt £)j£j ^£J 

J«n AiUaJt Jij jitjJ ^ CjU^ld iajjj dlJ ^jjj ^Idj U Jit AiUal] 4JiU]t t ^ J^>^t 
jlnlt ^ AilaJji]) Ifrk ^SkZ ^t jjlaJt Aajtj JjUj jjla Aajtjj jtnJt ^ J^2 j An]jilt 

# i^tj ^jLun SjJAlt J-dl^j ^jLun (I 9 V) L)^ til J-d^]t 


/K 


c !r 

^ O 

1 X 

<- 1 

r 

5" 

V* 




cos 0= 


Ir 


tan <1>= 


I T 

Ic-Il 

Ir 


y T =v R =y L =Vc 

I 2 =(Ir) 2 +(Ic-I l ) 2 

^JlS\ ^Lfd^ dsu (O) ^^J1 c5^ 

.tfulilil c5^L/^t 








































:d> Jfc c>i cZ&e ci- 2 ’ /&k 


Pf=cos 0 = — 

Vj 


Pf=cos <K= -Y 


(R>Z>-2^l (V E > Vt) -1 
cLs^ ^ c5^15* <^lJI c-^Ln# 5cJ3 

c> 1 C> I c>^£ JJ cJl#Lc* c>^£ JJ J^3 / £ 


<£^^ efy-Lcr cS c^Ln* ^>Lj ©^-51-3 cJ? (Ir > It) ^Cj cM c>^£ c3-^ /o* 

fl-SU^ - - 


pf=— 

I T 




1^31 ^Jl#Lct cM JJJ43 / £ 


^i3UJ ^1^31 C/Jj t^Lym <-* cJ j ^/OL J ^Lf rf t ll ^LJ 1^31> ^Jl^3l c>l /^ 

?c»U 

guu^lil ^sujup dyu c $6b^ n XS\ cJLJl c^ ^uj-l>iil ^Jl^3( c>JJ 

c5l ^U^l^Flil (Q ) ^l1^Lu 3) C5 u ^ c ' iU^vTt > 
.( 1 ^) ^LJI £> 0 j~* cS y ^ jSf *^edjD cL^uJ3 ^w^Liil cJbM ^l?1^3I^ 

f^jb^yXil dsyJbb 1-^Lr / ^ 

^JJjj <jj£j Lal^ ^Qaj -li jjj 4-jluL SjAtla 

uLJjli) ^LjlaP jaSIujjj 4jS j>luxa,lt JJjlS LjLula 

Lr^xlc, (Xc=—> ^juJI 5 - 3 ^ ^ (Xl=coL> cL 3I 5^1^ c5^LJ ^- 2 ? c$ob^jGl oj3^1 3 ?^2 / £ 

(CO=CO r ) cM C5l ^J1 C5,^1^31 -3-3£-# C5^?[j3( -3-3 ^zS\ c$^>b*lj 

:c>b (- 3 ! Jd^JI ^lJ)^ lr (R-L -C) 5^4 Ij L» Icr 

?Ojj jj _y = iJ>S^S\ jj.1 
?ojj^Jl jj _y > v jj^ .2 
?OJJ»JJ _yl> < V JJ.3 


4tU$ 


■ cW-^ (Xc-j 


ajS3 4j^ 


J (*l=Xc) OV ca^, ^ ^ 

/*( <lC" <tf ^ ^ ^IdU /, -r- 

ojii ^ ^ ujii 2 

C<XUOy ^^^_ 3 

•(Vc<v,) 



































.(f r ) C$vJ>-?-5 c 5^L-J (f) 5 ^jLjiM -?-?^5 .1 
.(GisgSlp ^|) ci(Elllli* .2 
.(Xc) ^u^jl^JI 5-?Ic 5^L-J (X L ) 5^1^Jl .3 

.(0=0) ^\ c3 J* ^ 0 y&j ^LzS\^> glJzS^ aS\ .4 

.^£x^bl t>^^JuLf ly^J dj Ju> ^LlM .5 
.(Z = R) ^L*^La 3J c5^l <-I ^bul^vli .6 
c5^L*J i^^XJtSS .7 

5^jlIM c 5^LJ ^u-LjLil 5^x131 .8 
(V L = Vc) £Sl » 11 fit j ^ ^ C'S 'JtY^uS CU^I ^1 ' ^ ^ . 9 
(Vi = Vr) ^Lr^Uil c5^L-3 <ZlJX$\ .10 


^lJI ^lil ^ub^jCil oji^5 cJdS 6\dp\j^X\ cu L^JJ c 5»Lil /o^ 



?c$V jj (-r lM ^1 


- I^uLfc 

.dill £$GIJiM .1 

.2 






















t'jJjLs &ul^ ^o^> c5-S oLL# x* c5^-13’ 1^1* o^Lh# 5^j(j> /^ 

'zjp\^ c^euo vJs\~iS\ &JLS? ck*-f cjlA c^ob^J c^JbJL^ 

^ “3 

9-b 
-c 

cS^.'k "/ ^Uu-Jlil G^JLlm^ £$GIJiJI cb^l ^Aju 0 Gli jJL! £>-* V J>\~xS\ b^LyS £JP^>^S\ -?-?^lil ^\*XJL> CsyjL> 

1 


fV= 


2n VLC 


-?-?^5 ^Ju CP-^ cJ^b 


-xa^rlM cm ^Jl ( c p5L^XS\ c^JuJiil) ^1^jr. cJlaju 51^5 LtM cb*^ -a 

•(Xl>Xc) £\ i<g 7 ? ^uj^1 

cV (cpjb^yXii cjJuJlH) ^ju^AI ^^5 JlLu :<=u^jl^ ^1^3: cJl^ju 5^5LJI cJ^ b 

vSi .(Xl<Xc> c^*j jj 

•c#\p- 5 - 3 c5^L-j jj^ 3 ci*/ <=u^jl oK»i[_$J& cJuuij scU-^ -C 






JJJjll ^jliLa 4_u.,„J| jA l(Qf) J^lfr 

.(Ato) (jfjl.jH AijSJl JjUajj (<0 r ) <^jJi 



^Jl ^Jl#L XJ J ^^^11 L/ 


?(Qf) -^lil cJbLfir Lytle, ^JU\ 71 j cb^^ jlM L* /o^ 

.(R) .1 

.(L) cl-'b-# .2 

.(C) ^l t tit t ii g\JL^/ 


.3 

































£ jlfcuJI jjoaJI J* vjLli J^jl JkUJI 




V' L ’-^ S 


CuU «jjjj <Lt^LxUJI JulaJ^ilJ 


X L a L 

jLjJI jjjj ci 


?(Xl) oil ^Lub ci (f) ^L3, 


(JUJjJl l_*UUUO jUX-: 

"** ■ .f^L— - 


> ^yoL ^ >L<J ^^1 





- ^3 ^vi3 cpjb^yJ oJL> 

^LuL* - (o**) ^L^iiil o-b 




a^b^j3l ojujil^ #-r l-^JJl cua-liJ cjur oiitl3) glJUlS* <su5b^J 5 Jd 
.(oLUI C^?_^l cf L ^- c ' ^jjJI cil CP^' 

^i^iU^I £_# L_5 ^^ju c^ub^jGl ovbJLi) ^^3 15^5Lil c5~iA3 .2 

^ bjb ^jsJI ^i^jUL/ sXjl) ^ub 

.^L^Ul 5^1^5 o? oL^-b cl 

^UlLuuVt 

.(L) c^GljJI oil cJ^b.# o(f) ^XuZS\ jsjs ^3 £j L-? cu^IHj (X l) oil 5-?)^ 


?(Xi ) oil 5^)^ ^Ub ci (L) c $GIJLM oil cJ^b-# ^5b ^3 U?Ll3 ^J2l /, 

>^V t v ^ 

^L-a^J^ - ^JL-/I - £v>Lki) c>^ cu-tS - ob ^3 <=L_ki^jlli ( 

.^jb^J ^ili-* - (o**) <sL^LliJ ci-**-' ci( 


jIjjSh 




ZP-Lc* &L jjgi^$ jLM fS t J,ug r J r 2 di-li) diill3) tfL ^ buC> ^u5b^^J t?J zj^J .J 

.(dllil ci^J 9 c>o c5^il^-lil ^J-Cr ^L-a^J^ i-ll Jzj^i^ cil^-lil 

iiSi ^LJI c5-^ -2 

^iil ^LjuLt ^Lb c^ulc. ^L^Jb^l ^ diiil cici Lx^^JU ^JU^Jli) otS cJl^^ju -3 
5^1j^S ci c>b^I3 cJJb>jA3 5^(^5 <5u5l^r) ^il^b oLlil c£Jp dyu 

dJ>\ ^Ajuf d>* cilil ciC j? ^ju^jlH cuJj C^Ji) dS\ ^\*xjLf -?b-?^il cu^j 

.(oLbuli 

.^AuZS\ jj^ 3 c^^---b oLbJi (L) c ^OljLil oil cJl^L*-# ^ Lji o^Ll3 (Xl) oil 5-^l ( 
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jtS uMI 


✓Ub c£ (f) - 5 - 5 ^5 ^Ub ^vju ^bb <=lJ 2 ^ 7 ^5 /^ 

?(XC) g^jluSS v^\ 


obb-b — Cj\Zj>^S ^-li) C^I-5 Oixu^Lf — 

. c ^db^J ^llb — cJ^-r^^ — c^ub 




C-bij-iit^£># ciJll3) glJLlC* GUjLs^yJ 5^j)-5 Jz-^3 . 
^SLuup OJj c5^l^-lM ^fJLcr ^-b*4^ ^aS\ eJ\^\ cS^ avk-rtJH 

.(^t < 11 

f V ,^r~. 

c3^Lxb ^Lb £* ^fub^Jb) obujAl -5-5 vjAj^j 5 c J-Lu .2 



.(<=L^J^jlM -5-5^5 - 5 b-5^1 ^ £J? C^Ldi) ^Llil -5b-5^>l) 5^1^5 - 5 b-5^I J£/>JA3 

^ljl^ d>(Xc OC —) ^^jugAJ - 5 - 5 ^ L 


?(XC) ^JK-uiil 27-5^ ,*✓), 






frl^luuVt 

^UUumI) 


(Xc) ^ljl^JI 5-5^ c> 

^Jb «U5 I^LUj ^-dl / ( 

^>JU C>^b cjSS^i) cLl>\5 27-5-5^5 ^ji-b ^^j£^0 

Il^lAJ b)3 git'/ —^L-a^J— (*=ui ojj ^-Al c3^ 

.^L5b^-j^J ^pLlb ^LS-uJI 17^JLlr 



J 



i ^ jlIS ^^Ju£^0^S 0 QJ^0 Otil13) tf U -buC> ^ibb^-jb 271-5 Jzj^b .1 

.(tfUUrfdil ^SLtJup Cjy> C c^-b „jbil JzJ^J^ c^'-b 

.^b^Ul 5^1^-5 Jbj/G^ 5 ^jUI jib .2 
^sujup cj\j Ljb^J 5- 5 b c>^ £^ cJU»ob gXSjs^) L^ju guuj, ^SrXjLs *jujJ .3 

-5 b-5^1 <=1-5-5i-?b^ 5C^Ldil ^Llil jAjjS^S) 'jlu-J^bS VS I^ -5 b-5^) Jb>jA3 (tfUu-Jlil 

. (^l glt^ 


/-Jl^ii gL^J^j5 -5-5^7 &^| f 7 g|JL^il ^11 ^ ^i-JUL# ^1/ 5-51, 

























































Uj/cJUI 


- C^L-dl c>^ C# V^L+xSi ^1,>\ 


J I . 'i 'B 1 I j 1 jLi>a ! g i 'S jjjii It ) l <Lj jLift j . sJ 1—t i 1 j £ a ^ -*• 1 \ . L- >jJ l 4_ i.J 1 j^a «, j ji ^ Li i * jj IJ — 1 




lH 1 


JJaJ jl *lLoI£ ftjJ'iJ 

. 4 f lT-t ,■ J I- ■■ ■ !■ l| I 1 1 I V-t f |i J> ■£ - ^1 JJ £ l j| 4 I I » ,■ J L -I—.L 1 cl 

■ _jl i“i 1 I •'V 1 £ _4^ra.’t j) \ nil . I^Lua ^jLuu 13 

. IjL-a jl » n i j)\ L > 1 i k-i i ii j £ 5^3 j-sJJ. ^ Uir.~ja I I^LaaJ i- . -a . ^\ —C 

. _j, \ i“i 11 1 I £ _ -a . .—i "> ri. i ^jLsIli L t--i i ■ i j^j-^ j i. £ j jjaJJ \ l £ _ 4 . ."n \ <1 

. ^ L— £ ij £ If! «l_ja ^3 LEjs jj £ Gi 3 i ."1 4 * ■ ■ ■ tZjl j <JI_ucuij c ..Z.i ~~£ o ^j“i -~i “t l-i 4_*j,1l jjljo i £jj \ Ci a 5 jjlj 2 


.(Ct> _ 71) jjL J5U. jUUI ^ I 




o- 


. ^ — 7 T / 2 ) ^j^ia <toj ItL.-J 1 jj'LkjJ ^ If. La ■ 'l S,~l -Cl <|A aJ \ J ^Lai. j LiHj l b 1 

~(<J> = 0 ) C^j^e « « ■ ■■ "»» ^LpJVj LjLLJi J!iL^ ^UUl =C 

(O = 71 / 2 ) ^ j^^LpJl -d. 

5^ Ail jlji- oLi ijiljJl jLJ»U 5-L^Jl <j_.L^> _!l 

c _.* .^n ^>i» ^>» a 

.^. . ^ ^ 11 ^i^ji Oil t> 
e ~ c 


Activate \ 


(R-L-C) ci &uum cL>\J> &uuuJL*^ ci 'j*? <LJp> ci^ c 5c^^llLr ^LJ 5^51-? ^ 

cJl) ^LjlL* cilJ .^u^Lllil £f Uv^c^l cP-Lc* 

cS^S^\ -?-?oLc^L^j )j) ^ul^J) 5^1^? <£^il 5^1^ 

.c5^I^JI -3-?^Otlj ^olI 3 Ji 

.(Xl0C(0) - ? - 3> GULsXlgr* *JlL£~ aa* *&S t ^1 dazX^ILi 

.(Xcoc—) cX-U - 5 - ? ^jlIc* oL^jJI (JlI5 

I 


I 


r% 


-lefOlj U cJ^ 





> ci<£rf^? ci c5^-2^ ^lJ) 1^2^ c^^Lllr ^LJ 5 glJOlH ^uul^Ai .1 

?(R-L-C) ci^ iuu^ 


,^c 


► cici«L^LL p c5^lJI^JL r C>^lll# ^Li 5^Jl«3 cX'LZ' -2 

?(R-L-C) ci £ul^ cj\J> 


Z 2 =R 2 +(2^fL - 


2nfC 


• f JJy^il 7 C <^L!L_il , L ^oljLil cLM ^)l^Ijl^ , R GLa^jLlU .1 

y ^LJjAxil c Ji^ 


^ 0 j^JI ci^ri gcJLjL^I I ^ GUlAjSS^ GLa^llM ^\*XJL0 


P f = — =C() S (I) = - 


app 
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5^3b cZ <^u3JJl v^^xlSS c ^iSLLf c5> ^lJLJI $ JJI ^ cV cJ^ c5Jbl b ^ ^ 

-: JzJEi c5 ^LiT^Er^ 


?ci^ 


c^ 


b ffuu^ls .2 


?ci^<£^.l 
ci^ o/ .1 


cJly G\L*p cfuLc* <£*J\ c£ cijj^ c>> cHiiil c5>ju - 

■ <l?l < 1 / 

cUy ^lLj? C fJx. o3 c~>^y^ £^\ cj~* g\^«\>\1jW tkjlfeM clbi3l - :^lJL-JI 

O G^JLiM oij ^ULM4/ .2 

cJb* ^lL-S? c^- 2 ' ^JlX\\ O? cijJ?^ c>* ^lil^JI cJ lilil C^XJU - I^U^jil ^1 

cJb* c^Jx. ^Jl^il c2 cij3> ^LJL^lil eu5L 0ary i$\ GvlfeJ 

<5/ ., 

< <^L ^ ^\^l3I C2^*p c/ cibt <^1 ^ ? bU | 

*V v .^r % ?ci^ 



itfLjbJi ^r^»*bi 
•c^k^T 


^JlaaIuJ O-^ 



b( ^uib^jGl ^lJI^JI c 3 ^b/? c$v-* bl ^Jb^jGl o? £-by? cuw Ji <£^l ciJJ 

.<=b^l^ l?U? cM cJ^ 5i13^ ibjb^jGl ^lJI^JI o? ^b^ o3 o^J ^bLil 


\ 


c5l < ^ r c» .o^bli ^bJi O^ulm/ &b JI ^*< vlc > ^ub^J ^pb^/ ^i 

gl^SS ci JL ly-L* cSS XX^ ?lftS>^5^Dl gLu&S\ ci^jC ^Jl ^*1 ^lJUJI ^ij^IjJ) o'b-?^lil cV 

?<2^b gmtf^ ?(^-^JU^-il CJ ^y > ) \skJ &^jlPI 

5^jl^jbl ^b3 -*bj-j slijb^ (Xcoc— ) ^Jlaj (Xc) ciJJ ^b3) glygii gS)CJJL ^lJL*J( cib-?^lil *jl2x 
-?b^3 (Xc) ciJJ £b-&il X ci<sdMd-^b-5 ^jlIc bl .gLygS\ g&L&X-C* ^b^-^p 

.glygli gL&\&xc- ^Jlaj^ 5^5I^JI ^b5 cJub (sGjb^ (Xcoc—) 


d>b-?^lil c>^ c5l ^jlIx c^blil ^blli cicX £* cJ >\^-lil ^ub ^pb^_# *b^ v 

bii?^3 Jit gly&i\ ci^I j t^-L* c5l Xl£*^ ?lfiP^3^Ul ^pb^il ci^di?l^J) ^1 ^lJLlM 

?^ti-3 2-ji^ (^^il ^ ^l^ub d>^b) 

5^b3 Jub (Xi OCCO) ^b^J (Xj ) ciji cJil glygi\ gL &^3 ci^ lJUJI O'b-?^lil ^jlLc 

cJla 3 (X L ) cij^ ^Jl gly&ii gLP ci^I j ^lI^I^J) O'b-?^Jlil ^JLlfir bl^* .gLu#M ^3 La>XX cJuL^* 

.glygmil ^3 1&X-&' msSmD^J^ 5 jiS ^S\ ^Lj ^ Ij oXS X ^ (XjOCCO) 




































(JtjJjJl l_*UUUO jUX-: 

""* I ifL^* J 



CK 


c>c. oLU) i-SU (5A) 5>^5LiM ^LJ c>b (20V) X^i^j c3^ A 

-?(20V) OJJ c3^5jil ^Ulil ^jLb ^^£^0 c ^£J Cjy> ^U^l^JI 

- :^LuL* c^>l (4A) 5&JLo? ^LJ c>b (-^- Hz) 


?oLLJ3 cJl*Ll> .1 

J^ioil ^ ^Lib ^ &lJX$\ ^jLU ^^Jl tfLfuir o^u ^c5^ 2 

?<^uuLwub c5^ 


?^u^£i|bl s^ubl^ glulul 
.^UuL\li ^UuJ O^Luii gl*^LA\ ^UlJ «jL^ ^Ubbi 

R= — = ^ = 4 o 

Id.c 5 


Z=^ = ^ =5 n 

la.c 4 

Z 2 =R 2 +(Xl) 2 


X L =27ifL 


3 = 2*—*—*t 

7 22 


(X l )=25-16 





3. Pf=cosO=-g-=0 


4. P rea ,=I 2 R= 16*4=64 Watt 


Papp=lT.VT=4*20=80 V.A 



o. 










o 5-L# c^l ^fuLc* cllj^j^ (1500) Ls^LjuL* ci 

-^- ) ^i-li C&T& d^L) tfLC.^v^l <£^J^ ciC^(-i c^u^Lf^ (0.2H) 

- :^LuL* c^w>l (300V) <=lJ ci((Hz) 

¥(1500) 5 JUl c2 2 lJ$S\ tfuuUil cJ^ cf'-M <sul^ .1 

&lJL&\ gl^S^jS\ dsu ^ ci^i 5c5 i^juail ^Jl^Lc* -2 

J^uuUJi c5^.3 

?£i^SUI ^Li .4 

Jl retail c>» c)J .5 

1. fr= 


2WZC 




Xc 


Z=R 




























(20flF) ci^ e\ju* C~)\j3 ci ' J *p c5 ^ls C^Lllr ^LJ 5/^ 

v^^jJSS (—Hz) (100V) <=ui^ c3^ ^u^Lilil ^u-^J^jLb ci 

1 c\Jl_p 5(0.8) l^i 5^x151 (80W> 5 c5 ^lJLJLM 

JtfUL^li) £^i c2 ^LlM^ A^Uil £^i c5 ^LlM .1 

.2 

?C^ULJ5 >i ^il C^l^iLiii ^Lb^i^ul]5l ^Llj) CAJ ^ >i ^il c?^ .3 

?0^lU I rjjLdT .4 


1* Preal - Ir.Vr 
1 

Xc= 


Ir= ^ =0 ' 8A 


2nfC 2n*—*20*10~ 6 


=250 a 


Ic =—=i^=0.4 A 

I r 250 


2. Pf=cosO= — 
I T 

cL^I JaiI/ jLs .1 


I =(Ir) +(Ic-Il) 
(l) 2 =(0.8) 2 +(0.4+I] 

Ii=1 A 

-I,. 0.4-1 "V6 




LunltJ e*AvJ <=u!a jygiL^A »d>i tv .3 
'.^ 4Li31 c3^Uil 


tanO= ■ 


ij? 


0.8 0.8 4 


<D = - 37 


/i w^- Vj 100 . AA ^ 

4. X| = —=—=100 o 


X,=27TfL 


L=-^=0.5H 



2ti* 




























(0.5H) (10£1) *=11^11* oLL c5^lJI^ 1# c^tii> ^LJ 5^51-? /^ 

(I^Orz) tfu^Lllil cid^(i> ^u(20£2) ii>^LuL# ci 

cuw>1 c^jL^ 5^5LlU^ (0.6) cX^Lc* ^LlJL* C>b (200V) <=t-J^ c>u ^vil c3 


:^Lla. 


VvJ>\^\4^\ .1 

^tfUL^lil ^Ljl^ .2 


1^ ^Uil Jljjjj* Au>^/I .3 


1. Pf=cosO=— 


T V T 200 . . 

I r =—=—=4 A 

z 50 


so 

z=—=50 n 

0.6 


.100, 


2. X L =27rfL=2;r*-—-*0.5=100 Q 

7T 

Z 2 =R 2 +(X l -Xc) 2 


dni All ^Juf. 





Xl 


(50) =(30) +(100-Xc)\ 

1600=(100-Xc) 2 
40=100-Xc 

clJLJI r^LZjM Ji>Li <=u_jju. 9^UU c->l Lr 

Xc=100 + 40= 140 n 


F i R 

s. 

S<o 


\z 





Xc= 


InfC Zn *—*140 28000 

n r 

X L -X C _ 100-140 


3. tan®= 


30 


0= -53 























Ujuc. <=u-uJi 5(50012) cxLf^i. L» c5L» <=lJI jl/ c^>liL» ^LJ 5^Jlj / ^ 

(10 4 rad/s) JJ(/ i (400V) ts>J ^jlD (50nF> I^ju^ c<^l3 

- :^LjuL# 5^julM c 55i^LM &JLo> 

?5^5L±M ^ olUB o^l ^j>\jl0 .1 

cL^I cl3 -2 

Jl/U ^LuLr ^Llb ^ J&S^^S\ <zl?lL 0 csy> ^ c3.3 

?5^^la5I 


^LtXr^lil ^Jl#Lc» .4 

c3>5 ^Lib^l C>t ^>llj glJJlM 'JJlIS ^^S\ cW 1 Cf'-M <SLx^lil ^uu» .5 


*$<> 


1. C0 r = 


Vlc" 


L—0.2 H 


Z=R=— 


10 =■ 


L*50*10 


T 400 A O A 

It = i—=0.8 A 




I T * 500 

2. X l =«L=10 4 *0.2=2000 O 

Xc=X| =2000 a ^u ^ cXU) 

3. 0=0 

Pf =cosO=cosO=l 



4 0f =- -=— — 

Vf R ' \| C 500 ' J 50*10' 9 


5. tanO= 


*L-*C 


R 


0=—-45° 

4 


tan45= 


2000 


500 

2000-Xc= -1*500 
Xc=2500 12 

l 


Xc=- 


2nfC 


c= 


<*>.xc 


c= 


10 4 *2500 


= 40 ill 
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(JtjJjJl l_*UUUO jU^: 
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AjUJLjkUxj *jjfl ^ ljL^jaII 




*» a j ^Lj^£ lgJ& £ujj 3 ) A^Lj^SJ) ljU^uJI <^A lA j-uu 

jLuojI Ixk Lj ij^j la^Aain £a (JJ±a\jlla j (j-Laj^Haj ^4 qjjjxj -4 

c~>}S\^\j GLip\^>\ cjy>\^S\ ^j^lS L* ^iUJI c^jc cj51jLM ^^lpL* I^ 

?c^uil t>JLs? c> gLl^l <=u5b^j0l 

c^l ^1 r*^ * j Jily 4J^ riS^i o Ti .11 su^jlJ) .1 


vfc ebb 

(clLIJL» c>^3j cjw^Lliii cJUM J?cl>li Lii) _?_ / ^Ll/ . o^i ^1^1# JJ .2 

£-» I^»'» Luu^Ijl# Jlly si)^ «jl 5(yj'jJI cHf^l -3 

^UL# XjulLm^ GlJLc* C$-3 

£m^I 1^l)a) c^jJI £-* ^jJLliJ ^w^LIaII cJtfM .4 


£a (JJjja1a1\ ^uulal ix J UJ^ ^ (jl Jjj-uaSL* - 

Aaj-aJ) / ^auu ft Jaiit Aa, j -4 Jiuu ^jlj^uuL ^jl ^j£-aj ^>14 j!>HaSIj 






jlSftj UA±^l c> A^j-* ^ 

U4 ^J^ljLLaj {La (JJJ-JLL4 ^ ^ XIjW U A 

# LaAjLuuj) ixk JjjJij^j la^Aain 













































1 od-JbM d^L> cyJyJuJJ ,Jk ' e. ^ _j^Jl c3_^j «=u^j 1^ ^l^ UL # L# / 
v* cjJlL> o^iU^I c>JJ c 5^L^5 ^^31 c5^ / £ 

?cJ u^hSL* C LumP - c p^J&llx\\ c)\j\ Lllj CJ*j\ c>* /ck 

> Lllj cJtfM C^l cJu^u-JL* ,Jl^ 


•o' 




jb2 .1 


*L^lM (—) £-* Ji*-*- 0 CS^itST^ c>^ ^3^5-lii ^L_l3l ^LJ 

.GlJLc* lj-3 £f \ 0 jy x ~ i '* (B) cH^ ^L$C?Jl3I^ 

f I^Ji I ^Lj ^jUlju ^JAx» /^ 


(|<|«P w> <=l*_* cu«bi^ c^b^jQl cH^I c5 ^Jiili c^\_#jJ) ci^uil cjXfr 4»iu /^ 


? (I) C?j h*fc J)l (Ijnd) 



i) ^LJ c>l> O-^) dvb /^ 


c?jL <^ ^ 31 

(I) 

(I ind ) <£^t ^Llil 

(I d ) ^b5 

9^Ui (d/Ll^ulil cJ-JL*-* ^jJ> 
V^LP-^S cJJ'La _^i) 

•c>^J 

< _ / a*a c>a ^yb ^LJ > _jJ? 

r*'0 rjl^l CJ& ^ ^ 

•c>^l 

C>a ^y b ^LJ 

•CM’jJl 

(I = ~) ‘*4^b>M euL^JI 

jjL j 

-Su^b^l (I d =—) ^b^J <5uL^I 

T Sind At 

(Iind= ” ) 

9,1^ 

p^a(N/ c.s) 9 _j*a 

JlI* ^Jl-^^ il cJjA^ ^JuLIIj 

Jzii cXy 5 _>-il cjj4*> cJuLlIj «L,A^i) £y cJlIUj 

9 ^ fti t 1 11 <» 

^LgjiiJ c5 


- :cJ ^a »^l 5^lil o>JJUM -s-i-c. csy> /&* 

.itli C f£\j' J *^$ d\j -tS r jli I £ -Xl... e\J^ «\ gi *xi .•". .1 

c^wJ^LliLy OiJly /£ y«lljb «LC._^-A &S^sC-» GllSLiZ .2 







































V 



(jtjjjJI (w-jJLa jUf I 


J! 



eulfiA cJJ> 
>> 


9^julLu LSL* ^uLfir^ cJLs^Jii glJUlc* L# /^ 

yil Cli) ^LJUuJI c^U^Llil ^j uu ^uJ 

- :cj\mXu\ c^uLc. ^juvIju c ^J!^ cJL^JM c^ <sLLLiJ 

.5>V^ *>5LJJ .1 

.2 

?^ii^5 l-SL^ ?(o^lS j^\ v,J>\s) i^Z^S iJ>\^S\ oiJL5 U* /^ 
.(L) ^JL«Ll# ^Uil oLL# .1 

.(C) 9 rf.# .2 

— I^uJAjl)I (£+ 3^3 ClJ^JI <=lJ^ cijA^ (f()) 1 * * Ijj^ J 

? |1 O1/ / q-u 

c^slZj c*>\ ojlL^jLI# cj\Zj^jui cj^JOLm cZ 

.g^lSb cXllJiy^ &\11slZj c>UCLJI 

^1 cH^^Jl) JUUA > /^ 

C$v5l^L lL# .1 

.^ulIlJ) ^lLu/^AJ ^5 .2 

c^L^jI c)j1aj - C JLd £i J 1 ^ul^JI 

(7 -q^J^JI cJ^) oW-» ^ 

•7 = C^^' o^i-* 

9 ®ul|? J) Ltf j » J ^1 JiL^J ^u!^Jl f^ j L S m 

.tfbLjtA^il ^1 'yi) 9 ^L^^fl ciCL^J ^< UI^Jl ciOL#<Jlr C» 




















IO* 


cS^Sj - -Vi 


l*j r a <i... cs^\CJ~* G L^XJUiS S cJ\^^S c)Lm^\ cX & l( 

c\jujup <£+S\ i$\j&d>J&Zi <kjujup LyJZjl)pj Lp*p*3Jj C^Ji.J aS 

ci j?> 1^1 /^ 

.^UuJI 9 ^jlLi c\3l*m!-0^ liL 

^ul^JI 5^JlI# ijJLyW v^ j\^jlS\ oLli J4 jLL# LlL# cS^jS- 

^uLj ^l^) ^uLJI 5y5U ^L^L I ii^JJl /o* 

.^UuJI &LlL c 5 ) j3'^ — 9)j 

.oLLr Jl*5^ efujLAs e£L cS ^>i£- 



j)J 4 -jlauJI ljL^ljL^j-a) JJjj lj)J AjjjJIj ljI^ j-a Jl^j) 4 jla^ jA 

# SJjaj Ljliluj^J I^Jajj J^l ^j- 4 (^J- 4 ^ 4 CjIa j-a) $ jj^ jl lj j^ufl ^L)jll JJjSlt 



#cr dSj]) .2 




#L 5 ijL4iit 

(L)J *1 



-:<^l 




.JJ>yJI ^LfciLfir ^LJJ ^/OlJI ^u C» 9^1 r C» — I^uLIaJI CAa^J) 

- sA __jjl <=l3JAj e$JLe* ££uIjLa 15I o / Wu^-lil *♦* 

% 

(PM) c5^_5^J1 c^uu^-lil -3 (FM) c5jj o^uu^lil -2 (AM) zS_^ juA\ o^uu^lii .1 

* 1 ^^! ^1 CAo^JI O-* Oi^^ /y* 

■ 4^1c. cL^llil Jtf TM .1 

.Ip 'j^l£ «u}UC»I c£uLfir .2 

?cLlil>ii) i?L*,^UJ ^LlDl <=lc-^ulLJ )3L c^-Lc. Z^ 

.(£ o = 8.85*10' 12 F/m) .(£ 0 ) ^Jb^jOl .1 

.(fi,,=47 t*1() 7 H/ni) .JL* Jb (jLi) ci_..._M :«U cuiUlJI .2 


2 




























V 



(jtjjjJI (w-jJLa jUfl 





cJuLll5^j (2MHz-530KHz) o^lj Lpl _?_?Jj c5-i-» <£^L»_jAI 

•cyv-^l o-' 

d>-» tU, Li?^LlI}| ,JL JC. Jiol5 .1 

rf** iL^I ^L # lg^LL>l ^La/ 

<sXSj^ e6LA\ d^JiL^ZS <suL^jf ^LlJ ©&jLs> c>> ^LUmj .2 

»JLS? dL^l <£*j v^^xj 

((2-30)MHz) ojj ^JLJ obj<£-<L/»_ j_» zs ^ - :«u^L<wil <£^L»^i) 

<5lJLc. <£^L<l4? r* 3 dAl-^p j_ y?^f j^-Lc. o>JJL^5j0 c>^ ^jill IjLP julju 

J cii ^u^l^uJI c^l^^i) ^Iju ^1 c^bi 

^ k. 1 

QjLJ) r*i j 1—31 tft_3i_£> ^L^Lk SU^IjyX 9^/1 < ft - Itf i) ^Ijt|)? 

cit cu^LwJ) <£^t>^i) £>jCu c>c. ((90-500)Km) £>■» JaJ 

>ll5l c5 <slJx. ^ U <Jj) c5^i-i ^4-lil >ll5l fiU^J_?l_,J! ^wU cl>/c^ 

fafii eU*. eJJJI 

<5lJLc, cl>^ jLu,^j 3«LLj> cI>JJ ^ ^JAJL*J)I cl>^jC :^Lj^lM ,#llSl c% 

cA^^S dsy2>Jj c>& giS^^AS (D-layer) cjJlIAS <=CL^S\ cJlaju i! cybl 
<£J) d-<L^_j' ^0 l^_Jl <=u_*j_jI ^Jl o>L»_jAI oJC^ c^Ic. ^Jl 

•c^W eH 

c>jll)l <si_Li5 cl» > _ > I j < _£jL*^« uLi» c jji ^ ^JAT^/Jll d»^JC :cJlj 25I >Ll5i c5 .2 

QrtTfi* gjjg. (F-layer) LM1 «lL^J1 <Juul 1} (D-layer) ^1^,31 -suLfeJI eerily 3) 
•cyv^ cil <£-J! c>-» <=u^j-sI 

c>-» «IjLjl^JI o-'J^L^lM JLil^b >15 oU**.^ Jbuu _j5 zS^ - :«LjaLl^J1 

c juLfr c5_^l e=^pj\ <£-'l^_?' 1^ajLL*A c>P''A\ c^i c5_^l »^ l^Jb -J^l5 ^ e^jpjs sL>\^J 

.<L>\^L» _^LJt)l c>-» ciJJJJl 


.(JLDI) Jl^il cU4JI-3 .^JL3! o-^l -2 .^bl^1-1 





















V 



(jtjjjJI (w-jJLa jUfl 


Jl 



jbljll 

dsSj'fi c-jb jj^L> ^LJb^^jT S^bZl -b^ - :c^jbjil .1 

.9^^5 c^jb-iil £» cJu* cJ^^ - : c>*45-M -2 

t^-L*<=1^-1)) c>-»^ cJuJjb j^vi-c. cJuulj - :cJu-k^31 .3 

.>)^31 cP-^" < ^3Lc> 9,^3 d3j 1=1^1) 

cJL^JJl V 5 ^ c33 / l-c3 ^jl £vlj cjuLc. cJl^vjo ^pllL> - :cJ lJLL*Ji 1 ^ ^lli> .4 

jJOiwJil^ 

cJjClj («=u^_>_?1__3I AjLS^I) cu^Ij!_ 31 d^b*_^il ci L^b ^'jJu - .^->\^31 .5 

•05^X^3I r jlC* ly^ l ^ u l *XJL ) < <i '1 OU^il 

.^IjI_ / r -b c^hJ>J a\ s\jjS)bS cJuuu L;^ ^vjC^iIj - :cSJjil .6 

^ f*< u| I tfl|?b ^ i I r II C^b ^! ^ibuJ I^juA.7 

g3t*-» c^l®” 

. V \ % 

»^JLgJI c$Us>3Jl c>£ ci...T« ?ll o/ULi^Ul *LilM ^Jx. cJl^ulj - :5^Li^J) ^3L*_» .8 
.clIjLIM 9ci)^L4?^U) c>c- g><«T« rll ^sc\\ 

,e£J^» J?bb gi^i? cjvic. cij^Jl c>fr sllSjl^S ^A^ipS cfile. cJuuJ - .9 

— : C £utlM gy.4 itM cl>Lc»• 

fb< imj - c.nup ^«jD1 

j 'T» *i>b ^<tb < io *tj ^<JI “8 

a t C> ^L^ull 9^b^)l ^ubj^ 0^31 9^1^) ^1 j 1<UU ^^jlJ 

— V* 

cU*3l c>* < ='«.' 3 1 £Ll4>0 zS^z- c^3l cS^r> - : £ =l^j23 < _£-c« -b 



• 


1 tf r^UbL^il O^J) ^iiuA) ^J l ^* ci^^3i GLiUM^ ^<\JLii q«^.4l3I 

-•C&-& <5lJJA 5 c^l cJ 

.^LJyil <SUL*2JJ| ^ - S 

. Li I ^IJL^J)) ^~C • ily4^l CuS <ZUulJi I ^ _ b 






















zs\ £_» Liy* jyS cJ)«iJ ^euu cS^SS c?J-M Cj\ I 



C^l^^ii ^ uC> Ctf ,:tj I ^Ljt^y 


Bz 


A /\7 


'v 7 


S^‘JP 




!> RF amplifier 


•>* J 


.(17)j^iJl <a»wJ 1 ^L.^^1 sjlJl 1=^ 

I^Jc. Ey JL ^51 11 JLa-oJI jJ-oxj jj 

jj!£j Lo_wr. ^jlj^Jl ^ 3~x^ 1 sl»l *t*ll ~%. 

J~* ‘ J^° K y 

4 t U " 1 1 J U^L HI ^ ' ' J * U 4i % tl^Q y 1 ‘~\ ^ \ I ^ ~ 

Jl^jl ^ % Xfl ^yoK> X I J j£Li_> Lo _l*lC. • 6 ^wjLlo 
cJj-*Ji~x < \ ^ ^.! 1 ^ » <L^j^oJI ^.i ^>L>jgX.ll 


^k. - u> 1 » -j J£j»j ^I^JI ^Jlj ^j-lt' 

j> xxTx..-. 1 \ jUUI ,Ji,x^ * < il11 i jJ I 

iL»Lu*i jj ^ x A JCjLa*.j-oJI ^ 1 ui~> ( 1 / ^ J5L-JL <Jao-» 4 -*V 4 ^ ^-fl ^ w) 1 y A ^ V $ ^ 

^_,Lj^JI l^JLw-o j-^Li Sxc.j JjLlLoJI si^aJI a_1=>L^jj ^jI jgJL> 

JJ jj J^jj Tjjj jJI <L!L^. ^ic. ^JjA^r ^.11 4.% mill jl.lftA 
^ X .. .» S_UJJjJI SjjljJI JJjJ J ^ J_oJ l 
. A.a 1 j.a**.a 1 \ ^..xu-txxlra l \* o j jgX )1 d _^. joJ I djLxiil 


y^UA^il jA^I , tfl-LLi) ~ :&Lu>Jii C^lili^j^ib Jj^jlil L# 

^1^1^ ^ljuuJI c^l^jil Juii’ jj^J l ^Jlc* ~ 

.lyjju AdA* ^jJjL-# ^-Lc. c5P^UXJ dsliLA I^JjLlJ -J.J^iJJ 

.^Ujjjlyj| c^l^jil cJla^* -J-Jj-JI ^uijpj^ tfLJut^ - ja^I c^l^jil 

^ <5lLUI C $\-Lc. <£iJ dyL^j c>^ - :<3Lltfu£i) 

•AcJI <£^> cA^^S 






























I 








J 




J&&\ ^aLx!) (j«i—will 



























) 


\ 




jl^ juaJI <j-a jaSl jl oj^uiluj luSIjj Aj^uiUI) AjjA ilkll jjjjj $Jlp) Sj^Ua 

/Luuij J&uj ijl) £)( j ^jIuloj UjLuout aIp A^LuoaII Ajj j-ual) 



tfu^LJ^-^Jb ^Lfl ^jlICt cb^LilM^-2? -: ^LJI ^bl^Jilil .1 

• ^*0 —i -» I- ^ . j^t, -fl.. j )^ 

-?-?o^Jlxlf -pLfl ^jlLc. c5JiM cb^bilM -: c^UAjJJI cJlM^-^1 *2 

'Lub c>li Ijb c5^ob ^u* L^l cM 1 ^ T e. ^\~* ,4 £ &*;•* , _t T e. 1 ^ ,,,/>« g \x^J )^ 


?e5U4JJJi >LAI cJaI<jA 1 clv» cJJ cJ^-2 L» /^k 


jIulaII Jjfl ^j£j £l (_jaj) 4J^uaa. isj^i 

0* (m) cSjL^ (A^) 

.((),) 4*>a 1I Jjla O^j 


A £=(m + y) ^ 


jIulaII Jjfl ^jla £l (_iaj) 4Sj*au 

(m) JlJfrl ^jUai (A^) 

.((X) 

A^=mA 


'Llil «u5o>ly»^Al c5 c5j4JJJl ^LJI c>^l5 1 


c£jAjJi\ cULuM 

^LJ) cJl^I^jliJI 

c 5 ^L-j c^^-JI ^Lit c 5^1 

.tfLv>^il cJoL^J -^l^LCrl 

c 5 c/u c 5 y ^ <11 ^1 b) c?^ *1 
cJc>* c\SL^fL<p -jl^JLC.) ^1 i 

^I^lc .1 c?^L -j ojl^^il ojj (O) ^c 5 ^i -2 

.( 7 t rad) c>^ ^j -5 

1 c 5 ^L^j (O) ^_j^Ji c 3.2 

.( 7 T rad) c> ®ue^* 

<®uJ oil ^5 C>^ -3 

U^X^I ^olJ c^li IjLi ^Uv 5 

^I 3 *b 3 l ^l^^-iJ ^Uuu/ oc£^/ob 

.^ly? c 5 ^LJ 

&Lf3 GLfL^yJ GLesZ CL-J 1*3 

^ul^ d>li Ijii c 5 ^-Pt^ 9 rS 3 ^ £f ^ c 5 

C>-# C 5 l ^L*-la/ CJUup c 5 ^Lf’blil 
.QJL ~^L?Ji\ 

c 5 i?Lir ^JjQb $\jizS\ J?tI 3 ^y}& .4 

s\juS\ .4 

.^lL^-II a^^Jb 













































(JtjJjJl C*UUUO jUfl 






cX&* bl cs\ fcs**t cXl^^il cXj cJl^Ll1}I sXju ^yS> -: ^TjlT^II cJl^LlIM 

.IjjCsv? ^>1 ^x 5 J^UbJ cs^-ti ^ ^ * b * * ^ ,$Li^ 

.C^llyJLZls cI>tl-bLilil c>ll^^il <£^b li>| £^jlLA\ cJl^.51 

c^AA bl c5l cXv'l cXl^^l cX^ Jli jxiu -: ^-c- cJl^LlIM 

.UCs^ c)UA5l cJ^I *JU c)>S cS J^lJ 

■C^JL^c^lll^Lilil <£Jb bl ^^7^||pjfc ^>\xiS\ 


# LilLuJ) i^ujijl) (jk AjlLSj ^1S) 4u*ij ^jib f j^alt I^xLSj Aa)JV t jA 


J 




fcJ^I-xlil (£_»3) ^ -»^-£ c/Jiil L /^ 

c5c>L»i^> d^-ilM-xiil o^iy»_jAi c!hj c 5^Lil c5^ j _j- 2> at j c£ c*f ■■■",.» ^c5 ^yS> / ^ 

llM cl»_jjliil 




K -** 

CL^f c5 cJl^lulJI <£^-xi c 


IjL < ^Xe- r t fat_jj ^ cJ^txiM A>L/ /^ 

.c> ( _j-13J c/jUi >(S 2 ,Sd ojjLiil d»__>t c3l -1 /£ 
.c^L^JJl <Ji 3 cJ? La^_1c- o>t<»^il <£hj gjU ^_j^JI c3d»4JLH» d>tJd>c3i -2 

?«*W >U^ O c^>*^ / 

■ i^bljlJI 9yi^lj? ^LuS^JS^ $ ^i^Ji gUL^Jl &bi .1 

LiM c)L<vt7^At c>^JJI csAA^S $c cJ^Jl ^Lii .2 





c^ 


fat ^->^f <£ 6zS^Sr» C-'-Xp 

.cii^bl ^1 J/l^Lu Ll# ^cJ^Lu^ -?.1 
c>^-iM c5-?l>l s'+4r* c^ c>U^4* cX^JLllr C>L5-?-2 


^t^r? cijAjJiS ^Jl^l^JLlil J?^LJI *t^2 b /^ 

(d sin0=c5^J1 ^Lil c3^i) ^ ^LJI ,J^LiiM *t^2 


d sin0=m^ (m=0,±l,±2,±3 v • •) 


(d sin0=c5^Li) c5^J) ^ ^ djAjJ)\ ^Jl^I^jliJI J? 


d sin0=(m+ —)^ (m=0^±l^±2^±3 v ..) 























CK 


&Jup li /^ 

•c5^yl? (^) ^juVAluil ^^Lci-1 

■c5-3(L) c\jl)JlS\ c>fi' ojl*juu .2 

.^ fc» (d> c^uuJI c/u «juuii .3 

6\j^s c5> cJuulI^I ^jlS?LZ3 (J>L* / ( 

cJ*^ s >-3 ^ ~2 ?c>c5-?Ul ^^ -1 

Ij^xx1j\ Lub 9>ty^Ul 9 ^ju 2 ^c>ll^ c5jJ^il -: c>^J3I cS^b>\ $^p .1 

o^JI CM^ 

clip l^-lr <JJ <=L_Jli) c^LlS^U) LuLj c ^j) c>^- b iL^r c 5JJ^1 c^^Jl - : 0 ^jI .5.2 

C>^Jil <^1 C> ^S\ cj^ 

tfL^lil C^I^JL^Ji) LlIj <zJS> C>>L iL^r c5jJ C-^JI - <zJ^ S^yP .3 

^ ti>c5jJ^11 c^^J) di) c>cJl c^j 

olJ^ (lm) 4 . (c> Lrtll «juu^ (0.2mm> c5^bj ^ ^p\& <v ^uuii ol3 Ijl /^ 

^cJe^>l (9.49mm) cSpL^j c5>i^ii c-^^Jl c>c, cJtlM c^^JI ojj ^ulJI 

&JL5> cJlajlL^I) 

mL 


i= 


9.49*10 -3 *0.2*10 -3 


3*1 

i-9 



>.=633*10''m =633 nm 

cXjLiil o^j _m_JI cl>b^ fiteu^ 1 (>.=664nni) c ^v‘»_jAI «iJ ^>!,$_ylp gJu>«T< J /^ 

> c? u^il c^-v^i £nj cL^Llil (y> ciiLii ^ (L=2.75m> d>ylsS\ c>& <5u2LJi ^ (d=1.2*10' 4 m> 

?c5jJ^1 jJ<= lJ^ il c5j 


y= 


LA m 


2.75*664*10 
1.2 x 10 -4 


-9 


= 4.56 cm 


?fit _)-> c5 LuIj c5jj^il c^^JI c>I jli /ck 




































V 



(JtJJjJl LfMA jUxi 


J! 



aiJ^S I c>l^Jb c>d; lx. Lai gi^dx.1 c>^-Lb* ^lil c^Jx. d^JjJI £jb c>^- b cJlIx. Io* 

?^u^uiil 

^LjlD ^QJlUI ^ ^uLjil £L^Ji ^j X <5ujCt-J) ^eUUM <=--*/£ 

•c^i 

f gLX .jifXSm c5^iil L#^ I ^L^xjib I jlJI L /^ 

— ■ ^LX.c5^xii^ jLCall c>^ ^l^<Tt <II d>L*^i) L^l (^1 aI jil)I cll^mu 

c5^L*j UL^ <eGj> c ^Jx. 5^b^ zpjtJ&S q^S\ ^JClIII c>L>jiJ c>l -it -: ^Liiil s£<w .1 

.^tdiil <e£^* CJUup 

71 ) 'OfSfJJL* ^ 0 y%S\ c5> bjAJvl IjJ cJu&£. cflsLrJJi £L^Jt c>^ ^uJC*-lil d>L*jili -i ^.2 

(rad 

y<£uLJ^il gu/2c.JJl d? >LiJI i?^2 L /^ 

nt= - A, - A, - A, - A , cJI^j?l £*b,^U ^UJ^i ^)^jlx) c5^LJ jLliM ^Cw .1 

ciL^i^U fluj-?I^ jlx1 c 5^L-J >Lli)l d>x. ds\'<X% rlt ci^ c5 ^LA\ c3^A -2 

.(7T) ji^LC.1 >Lliil c>C. t,„T« ill C-*w»_j3l ^_^Ji c5_^5 .3 

0=27r,47T,67r,87r,.... 




?«uLJ^31 <Sl^J)J e£ c£>l;JJI cUl^iil A>^jp L /^ 


nt= -A,-A,-A,cJIjI^lc.1 cS >LhlM <s£<v^ .1 

cJiiyv -3 Lax. I c5^L-J ^Lliil ^yb^ c>x cXLjC.il ojl^^il o>j c5^LAI ci^ 2 

AL=l)i, 2X,, 3)i, 4k ,.(^jL^il Llc.) 

0=17T , .(7T) ^vJLi _?LaX.I c5^l^J ^LCkII C 5>_51^/ £>£* OjlJCulil cXl^^-il C>U ^^^Jl c3^ -3 

3 7T ^ 3 7T ^ 7 7T ^ .... 


r 


<^l SjbJl >1 jaJ) CjliU Jja. f J^all uflUaul o>Qa jft 

l^J^Ua ^jlalld ^ SUId ojIuluI j <Luajjju 



^ CS^* Ic>* 


jxa^I SjUJI Ail^Jj jl (jj£j LaAjP L^j^aj jj£I gj^jj JijjaJI j| Jjj 

.f j^all I Jjiail (> jjj£j 


X 







































-5^1 ^LrfUJU* £fuLc* c3 << _^-<£^J ggU&L* I£JM 


^sin0=m/v 


jA ‘Lajxa uAA Jj^aaJ] ^jiUl lajJult -X 


\_ 


^sin0=(m+-)^ 


jA f- w ‘^ A ljAA Jj 1 ^^ ^ ^j>Ul isi^uJl -2 


/■ 


JjJ' v ^ £j* jj t «* v ^ £j* 1 ^ f j-^* j sl Jj^**' w * ** ^ -3-^^ 

.AjjLulLa!) j&Jl Cjj j <Laj|jlaH 


.^U^LuJlil cJl^I^ jiil cfl^l-i ^LJ^Ii^-lil £>_* -3-JLC* ciJLlj .1 

^L*Jb j^Sr^> &l2±}L* c'jZ gpJLcr &-P g^>\mv£^ p CJ*b -2 

.c\i\jul c>OJJ .3 

.(cm> <JJG (line) (1000-10000) &hlj ^ ~^rr,..U cj cj^l£S\ - »g. *1^ '~ .4 

Lie ^jL/? (d) o^U .5 

.(d sin0) c^t oja- 2 c5l cXj c5 ^LA\ c3^ -6 

5^ju2 JlU^ ^i( tfL^JLlil *jlLc, l^-l^-J c^ c> C ^JI^ c pJx. c^x^M v^Lpi v^jJI .7 

.^UjJ^i( 5^ 0 ^ Ip^juu jsSjs^S bub c^^yJS isX^p^S 

c^3 ojJbl# c^uLi c5jJ^ ojj ^julJI :(d) oj15 

^~xslL*j {Jp c5^ /ck 

.tfulJiJbJl ^^£31 cJ L j-b' -1 

.C^JlP c5l cJ*2 

C-> Lli^ <e!jC^ l^JLp OJJ c3b /^K 

: c^I^lS> 

^5b^l «iil/ c^juju c>^jC c^JiJI ^2-rfu^J ^LL^ 5^b <&£>^ - :c>tib^^-li) 
slfjilj ^^ub^jGl ebb* c-^juju c5JLil ^d^b»^-# cuslS^ c 5~?»l/JJb 

\ulp\^ l^L^JL^b 












































- : c>-* l> / cjm 

Z c>l d<y~i _: .1 

cSs Jloj ^jl/> ic5jl^ ^uby^ll ^lily c5^iii i — ■ ^vi^li c^jLyuil i.2 

.t>^Lll>) Jz^ £fJLc* 


Gilliy dsL&lsi ds\j> dAj^~<«* c£ ^^ub^jG) <^S\jf cS>jSS $^-\ <zJ&1uj*j ^JlM 2 -3 

. Uyl tC r * 1 *k^ 




A-^iSaUi-4ijj^-i]| Cj1^j*a12 JL^aJ) ujJbJu (jjfb uiLSluialt f j-uaJt AJIa ^ .1 

.J^tj dl^jb 

A-iuiJaULdjj^SJl CjI^ jaII ^Lj^lSt JL^aJI ljLIj <jj£j uJaaluialt jjP f j^aJl AJIa ^ # 2 
,Aaj-a]| jLuuj) hL AjJj-aC- Ajj)jIa CjLjIula ^ AajI jjo& ljUUjL AjxjIa-H 

<jLaj 6jjijljill ^(J^La ijjUl) J1 a f j^all A jhVuAAti Sj&Lulaj 3 

.c-Jailuu^t jjC- f j^2a]| £)a uJa^lutAl) f j^all 

























f Lj^ I if 1 ^1^ f LJi LjI ^nv I I i y < £ 08 . J 


^5^ju 2 J£^J/G^ ^^L^r C 5vlc. c5-?^>-c. c$>l^ £^MS ^^3 ^ <JJ^uJ £_*3 ci**'"'* 

-: tali >Ll5l oJ <s=lL* JLillM 

.o^il^ cJlL>M cV JiillSS j^&SS 5^ju2 ^JlIj .1 

.LjJ^ C^Jt < i1 ^O ! yOL) .2 

L^JLl^ >^^3Ii IjJCs^ ^ glLjl* <£uju^ ^jLifir cJuL^I c>> jULil ^^^Jl 5 ^ju2 cp-iny .3 

.urbL^i 


C^lfe ja I 

IjLjJi I /Ji lj O Ij^Jlds i/J) I .1 

^l^ujib ^^^Ji ol^xu^i .2 




I 


^Jx> r 1 }LtiI 4J ^g\ii jl^il — lb^ l^L3) jI l^il 

kl^jCil^^CJI cJ cJ^ 4JjA^ 


r 


MS CU^Jt <idtii ^ol^JL^l 


.(,$^£JI cJcJ j-J^J, 5-? Li I 5-? Li I £^3) c^-Lc. c>t^jJI ^ju uju • 


f jJaii j-ail JjJall J^X4 <jj£j J^/a^j Ajj ij^Jl AjuiVI ^ J-uaLaJl CjIulUI jA 

.4ijj^JI A-^li AJU SjUaluuV) j (d < }^) f j^t l{jte LStuJl AijjaJI jlaSi LjUu 


\ 


¥*UJI CZ.4HU L# /, 


o* 


iI ^3 obu^^ O y g| y ■'* 9^yuJ ^*<1^ »i 1 ci9'^v^jliI OL/^I 9^1 ^ <^»1 C^ 

.^LS^jJI s\*eMS ^juli JAjL* ^il 

? L^>I ^ * C* i LluJ I piI L* /^p 


va 


j^^ il ^il 4Jcu4vLfe:,J <ju< j J^l ^^_p^il ^Lfr 

> 

? "Je^AS 9^L2l^*iM c>^Jil cJlaxL^j / ^p/ 
.^Ju^il ££V*^_pil ^ CLl^luJ JJpl^lu'J)) ^Jlj-L? ^L/^_pil i^l ^C>Ji 



























(JtJJjJl LfMA jUfl 





I o* 


^iJUu^ii) ici C^bJ filj ggyJLus &L>^S /^ 

^I O^jJil c5»?l^l Ij C^ eJuxn <^l 

£p^ ^ c^ p>}S\^pA^S cjJI &£* ajj^lw c>j^juu ^Jx. c^Lub c Juiib c>L^-j cj\AiJp ajJiUl/ o^uLi 

C^Llr^ c^llr ^cfiJ? ^bJ) l^-J-C. cJl^> ffLfXJUiS oJb^ ^Lu/b La^/ ^Lrl CLt^J JJU cJi-lfi. 

.c^^Jb <z<i'*.<« cJLlil ££ilc. “=Uvl*_* 



V 


V . K 

-3 ^p^ 

-C>^lil c5-^UI Ci£^P ^+4r* , -?^>^1 C>U>-3 , CH^- 5 I 

.-?c>^jJb ^ -1 / 

.^p^j«jl)I ^pIp cibt LlJp Iasv ^juxl ~3 

^^■k-* 1 -*51 ^i^^ <11 ^uua^ ^-»j?L-/ Ly-L.tsLd-) p» j?L-/ Jz^^JaI ^1 ^»^JI c> >» -4 

c-«Li*Ji c>fc jLlIjJJI ,jl1c. £^_iLl)b ^c. c^JLlIj^ I^juS cJub <=i-L^ii C>1^ ».$L^Jl <=l^j^c. 

C>C- *_>^Ji d>i c?-bl- cJ jJ «LflIiil cspt» c5X-lc- CUv-iy.* c5CLL^f c>Hl» ^c>l ^CJV^AI c5jJ 

• &^bfa/ 

c>Iia^ 2 / fcAil^p^ii 9jb ^I^LiL^b iol^jLu^i l^.^ ^\* p ^P ^>1 

• C5^ ^"^£r jf > C>b L^ < _*li I £>■* 

■>OJtJp <£ \^p^ C>bb^^*l5l cV cXl£^2 JL> -1 / d^l^41 

• 4-Jx' >**51^ c>* ^bl ^cJ“2 

tpU>*-3 cJjA^ c>^ Jbllil ^5 ^ju 2 ^vi5 cJJbjA) J5 -3 

^WU^J) L^ji ^pb/ ^ub c5 «?c5^ * 4«£^p I ^bl c/til^p^<11 cV c5^t nS-'jJL £f -4 

.^jil^b ^LjbJI I( ok^ <^<ib o iy.A<s ^J)I ^tifbju ^'^yjD ^\ii ^u£^Ji 

5^ju 2 cJJb>*jA3 ^^b^ c^Jx. c5-?c5c5^J3( c5-?l cflbj -5 

•Jiibil ^ 

tolfjib ^jb^yXiS <siily C^JuJu c>c5bii ^d^b>^r ojib^^-lil 5^C>1 ~6 

L^L^-l#b t?l/Jib ^jb^jQl ^Jl/ c^juju c5j3t ^ c^slS^ c5 -?^ajlJI 

tJLp\^ 


I JS. > fcn i> 




























Jp C% gXSjs c~> oLJ ^li) <Z*S gXj ^3 

- n — : - : - ; — : -\ 

fj*A\ £t Ujj ()^=-) Ai^UJt J}ij J& *tj$Jt *Ult *jJalt 4 a>a Jjla 

# Jilua Jit Jilt <-jJA J^t jilt (jU v jaII JjJaSt l^Jtdij4 ULuit *** A aIIxaII j Anhalt 


O 1 


^c.$)-? ^-u/ ^U-Jt ^uU c52^^ cP-^- s * cijAj* 

?el3i L JAj^ ^U-JI c5 cs^ c>^ ^4-ilt cJj4> 6y 


O 1 


SjUaluut un^ijj -li! c^Uj^aJtj j ja» ui^P Jj^j ^^tl j-oilt ^Jxuu ^1 p ^j^Ilt Ajjj <ja (jLaIj 

# ^jjj-A^t f jua 

jjji j j^J) ui^Uul) Jjl (jtjWt (C£Lut SjUaluuVt IjAlla Cjji^ 4—uuajj <j^ajVt ^Joui ^1 p £-a bat 

A ^li j j f ba-ualt 


cio^Jll ^c^Lu-Jt caa^ i ^m (4.5m> ^juu ^lIa cjl^^ | 

c^LiJt jJ^^ c5jJ^Jl c^l^Jl jJc>>^ &lLpIaS\ ^liL^it oJt£? ()i=490nm) ^t^Jl cJ? 

?ojl!41M oaj ^ulJI ^Lub L (4.5cm) <j^LJ ^c^il (m=l) <£lJ^ it 

-s 

a = 4 T 5 To-^ 5 = 490 ' ,lo7m 

L (2000 line/cm) 



c->b bb <sd>L,^ ^u4? &L3^ ^| 


2t>“ 


d=^=l-^- =0.0005 

N 2000 


?(^> 640nm) c3^il c5j J^l ^A*)j y»L? 

=1 


d sin0=m/. 


15 cm m= 

rV 


O.OOO5*sin0=l*64O*lO 


. 640 * 10_7 _A 1-IO 

sinQ= - _ 4 =0.128 


-7 


5*10 


0 = 7 ° 


5_J^-U «LJJ '_y^P' *Uj\^ C>J riS CM 










































































Luaj) jA j) 4-iS^ 4-LaLuui) CjI^UluiV) (j/a*uj ^JliLa ^Uaj jA 

s ^ljL^l^U tjA^A ^ a S \C. ^UL4 



?<suLl^AI 5^1 ^J>\ cJ^-^J) ^ -?^-^1 £-AjuZ\ <z\Jlj? ^jlIj oL3 /^ 

I^)l I b-3|yj? CUm'LmJ * = L/>L^lI 9^JL^J*•t/JiI l^JL^J ^vil ^ul^Ji C ^rjJI cJ^JlI! .1 

(Cpbj-li^-C>LLl^) CP^pLL> ^£$.3 c>C* cJ-lfe-il ^-jL^J) I^JLC. (cjuLtfil) ^t-li^-il 5^1 

^>^-3 ^Aju^S ulC' c$v*_$AI cJ^3* ^p)^^^lil ^wi) cpu* OJL--lil gAjulA$\ i^JS CP I .2 

(QU \^S^ CP^PL? ^ 5^1^^1 

<®iiLjij -3 cL*_-_lAI oL^Ji j^mju c£ ^lJ^>lO| cV-LC? tali /^ 

?<=Lljx^ »P1^* -j-lc. csv»jAI cJ^-U 

. 9 'Jtfruufi 'jjjAjL* c?*& ^%i ill ^lJL^ji cM ^iii 
f Ji^juJ Ql# ^l_? t^J1 1 ^ / /1^ ^IiL^I ^uujlJ G\^p^ sS ^5^jl)) ^jn«A tS\ L# 

C^Lv^iI ^UUJ QJ^ £-3*JL3* 9 *y4< n« * gj X-* C<t < J) ^IjL^-lil C^i C^ 

.d^lsJLs Z6\kSS cpI £$\*p ^b 3 ^^jL)I cic>^ ^lLLL ^3 5-33p* 

Ajf-Lua) Aajjj jlfl ^Ja^uu CjUjjHiVt Cjbul SjAtia ^A ? ^t > f y*p^ 0 sv$A ( 5^l£Jb U / ( 

CjUjjj£]VI o'j >>* * *JJ4* £^W 

# Ajj j^uaJ) AjjuIaI) 


,t3^^33^0 <£^.UI gj.Tttt -3-3o^» d>jfc> c^Ji c^Ijj cp-® - d-'ijj 

,<£^lj^<£>Lu3j _<J4J 

t»_pl ^1 ^3 Po-' <=lJ 5JL3l3 ^-1^3 /^ 

•Cju_^AI >cil ciil^Jb gu^.^i.1 JI c3_»3 <=ul* 3J)I ^c^jQ 










































o* 


- L <5lJ<= ui^J cJ /, 

mjj * v^ju2 .1 

oJCc. .2 

y^i^uiA-jL. i-sb^ .3 

.^U-?c5l g'LjIJil .1 

^Jl^l ^1 ^L^ii (cJb ylit^ O fi> Li I ^liU> c5l) ^^JL^il ^1 < < q<Xc> .2 

^lJU? l^J c$bl d>b^JzJb cb^j cw> oJLbl £*iil £<=lJ d->lj^^l£ijj| c*4 cj yg-P 

.^Ul £^U! ^1 (eAV) c> ^j5t 

■yiufi v ^UJI ^L5 ^?4r> (AV= -Vs) L,4 ‘c.^ £_»L4I 5->L^ .4 'c. .3 

?t ^JL^P £U^£J <=U/»^bM 5c2 ^Ui c#U^LlM ^JuL^jl oLJ ly 

w^Llil oiS_>-I j '”,.■(? c. J <u 



SJLjjj (illjJ ^Jfrbll £Vjlll (j - 4 SjjaIaII CjUijjjSJV) (j-« JJfr jjS) jA 

.^UJI £jlll -ifaJ 

k * 


(jA SjjaIaII CjUijjjUVI ^11 ^ Jjj ^jll (_illu» JS) jA 

) lA Aj£> Ijiufl djilill jLjj ^_l^j lAJjfrj <_a£jjj £)| ^jl) difrUll ^jlll 
AiUall <jjAjjLa jA j Ja^Ludl f j^iall Slut Xaj»j V ^la&ll j 

.(K.E max ) ^4^1 ^Ujj^fcU cr ^*lt UjaJl 



l^j iaijjj Ailla JS1 j!) jlill <ill4l ^jJajj^ll ^UjjVI 4a* JJjj jSl jA 

.(O^b 


d^ljLJJil 5 j^JL) J-fLC. b / ( 


CK 


ibb^ g£yju'jJLiSl &JL£* JlJbJI .55 ^ju 2 5-?b^ c^b d^L_l5 jQl) 

c>I^* gi7», ;lt <=lJ d^b^^ lJ^ il -?b-?^l cbbbb^ ^iLJI 

.JbJbbl ^ibu£ cfv-lc. d^^udx.1^ ck?LJ( ^^5 dJ-^l Ipl c5l di^ ^blA 

cM^ -?-3^c>b bl dJ^ cbl ^>Lil c>^ tpi <£~>aS~ JGl d>l*-JJ5l bl 

.^Lb ^5^ui dbb 





































- 5c>jLl12j 1 oLJ /^k 


E=hf 



JLui Ajj j^uajj^SJ) ljI^o' ojULuujI ^JtaJt ±a1&\ 

:Ai^xSb L J^x j (E) AikL lj'j ^ f jJall £'j &L& 


: cM c^> 

.JzSLJI 5 <=iSU? <Jl 2 ^ : hf 
.c^^lx^JJ ^JlL** : W 

?C^^XJLrfuli ^LtrfCM ^Jl-3 ^LjlL# oL5 < _^-Ij IjL# £$J-C, /^ 

•c>^L*il £^3 .1 
.f 0 gulail -3.J^3 .2 

K J 


K.E=hf-W aJjUaII 



f j^ail JJjj IJl CjUJVI) SjfcUaJI J^aaj V .1 

.(f 0 ) AJ*1\ JJja <> Jfll (f) kfltuJ! 

iajiS Aaku (K.E max ) A^jialt 4_ujjiall CjUjjaifcU ( _ f Aia*J! Aj£ jaJl Alik]) <j! .2 

S Aui Aajxj Vj (JLuJ! 4 Jij • 4 jj*II JJjjj kSluJ) f JJjj JjjAJl 

.kiluJl 9 - 

f jxklt JJjj £a LjJjk ‘ -u ■■' jjj AjjuIaI) 4jj j*iall ^ afo» H 4 j£jaJ| 4£liail .3 

dlJ ^ (K.E oc f) iaflUJ! 

f y^al\ dAui £fi> jkUl (jdSau UkaJ £)Jjla 1| ^kui 4 jj ij»uaJl CjUjjj^VI y' ,4 

CjIjJjj (\a^s JailuJt f jJail £)l£ I j) kflt * alt 


^jjfca ^Jowj <Luj^ail CjUjjj^VI jjjaj £jklwu 4^j<a Jjk Jjkt 

;4ifeUJb Ja*Zj 


Xq a < jtll c3 



CH- 


?_^»ItI ®U?J^ 1 1 '" ’ c?^I ^ c^* - ® k ! < 

-1 //^ 


11 1 


































(jtjjjJI (w-jJLa jUfl 


Jl 





-: C% c\J>^yZp^'ST, J 0 l 5 c t 44M ?‘ l-* 4 ^ cj\ju 0 2 ^^ ^fula JzJL-JI g\juZji\ j*j *^5 5 -?b^^ot 3 Lr /^ 


E=hf 

d> ^liU? -1 

p oc f ^£* Lji^ cxu 

O—2 

hf=ev d>Ji 

ciLb^ii -3 

K.E oc f cXW 

<=u5-4 

UU ^- 5-5^5 cp-^ ' J **^*-> JJ 5^ jsc\\ e cI>JJ o^LJ 

JzSL-JJ ^5 ^ju2 cfuLc* 

<e j-jlc.) q^j ^Liil -5 

<z+j\j 

^3 -6 

<zlL>\j 

JuL^I <5Jb -7 


5 ^^yJL0 lili^ C>^iil C^-3 W CM* (*V^JuZ) C~>\j^^JlS\ ^*X£* 5-?b^ ^Jl3 Lf /^ 

- \c2 

e ^ L-?c^lll5 ^5^ui c>Ji (e ^^jlc.) £^5^LlM -1 

^fJ-c 4 aju UU ^5^ju 2 c pJ^ ^ju\. 1«J? KE c^Ji^5ll3 JJ «lJ -2 

JzjLM *^S\ ->-?^ c^uc>^ 

hf=ev ^5^u2 c$Jxr ^uujuji ^5 LIj JJ ciLL^Ul -v^ _ 3 


c5^LJ ^^J3 ^lita o3b l^li cs^jl xj gf\J*c* (300nm) ^ 


r* 


(2.46eV> 


\ 3 » 


?(eV-2 , J-l) ex^t'SS <L> b^^lO^UJ C 5VA^-t-Ji ^lJ^ il .a 

j-^Ji <7«M ci.b 


a. K.E=hf-W 
K.E ma v= — -W 


K.E max - ( 
K.E max = 


6.63*io -34 *3*io 8 )_ 2 46 ^ 1 6 ^ 1() .i9 ^ K.E max =2.694*10 19 J 
» K.E max =1.684 eV *3J>\ ASlfeJI 


300*10- 9 
2.694* 10 -19 


1 . 6 * 10 -19 

_ ftc _ 6.63*10 _34 *3*10 8 
"' ^“IF “ 2.46*1.6*10- 19 


>w O =505.3 nm clJjJI <J 

































- '- CS^i b>3^ fc ^" 0 *^ ^ 0 y l ** Sy^JS 

Cp\jLyuS\ <£jJL $y*&S\ gXJL^J C\JiyEpp^^SS V ^L^lrjil^ ^[juZji\'S&Syip c£ .1 

.(<£^13^3^Jit) 

.cZsltyU Syh* s£L«j c^l^ 37^J)t^ .2 

^ y aJS ^5^-1^3l -1 

)P 

£j*j\JLl11j\ ^\pJA^ Cu-^ 


?C>^3^L>c3^-^Jl £* c^lllj C>_*3_*ji)4 x <*£>3 cM <£^31-2 


E 

m= —r 


E=mc = 

E=hf sCjAj cJJ 4 a c 


m= — ...(2) 

c 

P he 


X c 2 


^7...(3) 



( 1 ) ( 2 ) 

c3^3^jiiJ CSV*y il cJd>^ tft , rf jfiM 

Vv v'Jr %’’.’. 

gli^L*-# cXil gli gL^^il gljL^JI ^Jl 2-£ (X> ^< y>^il ci CPy) y P-lS ^LULu^ii ^LLi^ii (^1 < V I 

' gjf-*^T* ^CP ^3^jLb C>1 QyJj (3) 
JgulJ^ljL^ ^ ?c^> y> C5-3 ^U^3 0^3^Jil /c^ 


<£^J dsl^ySi dJlP cp \^ <sy, 


\ 


i£> cM^ gu^lil c j5ti^jJI < 

.gU^lil Cpl^ylL cEa^iy 


1 glJ ^p CUpL^J cA^y* Py^y <~ps pp)b ^1^3 <Jj 

^3 c>^ c^vi? cJu ^1 

m m 

^Ufau^iil) ^lJ^ 4l ^ul^Ji o I c< d > L? ^3? (ill) g\_Jj g^j2_?l^il ^ cSp c)ob 1*?^ Iep* 

?(K.E=h 2 /2m^ 2 > ^lJUI ^3>U)b <^*3 


).= - = — 

p mv 


\a 


v =^-w 

K.E=^mv 2 ...(2) 


K.E= 


2 mA 2 


.... c^ic. cJl^#u5(2) c2 (1) (Jpp> 


?(6*10 6 Ill/s) 6^ljjL» C^jA^jb S^fCj CJ ^^lOjb <=Lail^ c5-3 ciP ^w» ICJ* 


6.63*10 -34 6.63*10-34 m 


mv 9.11*10 _31 *6*10 6 56.33*10- 25 




















(max) 


<~j~* I ^i£$^AS ^lJ^L?L^3I cX-) ^lijAx)) cS^ti ^~rl A 

?^uJLlAI cJ^ cJ l H! c 5J3I t-v* J^b-JJ >^^31 -?-?cj 

L-? CUuX -ll5 C>^JJL> c>^ ^%yW ^-p ^#31 0>l3 ^^lJ^- 31 tfl5l^3l c>l .1 

.JzSb-31 ^^£3J -?-? Jj 

|(KE)_ = hf- ^| .eB^c^U^aic^^lJdlc)^ .2 


o* 




9 ^j\jup ^ub I^ jby < jII ^vlf' ^ ^jl^I - i^uv^i <?iTjI^II 

^ ^ .<f^Lj ^n^<» 

cJ? cJ? S^sCLf ^ili)^il ^>^il ^UlJ C^l jl tflitfL* 1*p 

C^lili fitij c5 -» ■ Al jLs. 1 <=l_JLw»b ^It'') c>V*-» >L^iii 

0|/ 2 ) <£lJLw»JJ| ^L?b3 ^Uujli ^1L*3I <=L*^JL? c5^il ^uujlJ I b* /o* 

■ OA^tl) C^lsjJi^ C^llil C^3 ^w^3) J^>^3 ©^lJUw> 1 cjruu (V|/ 2 ) <^31 5£?UvJ> C>l S 
.o^lLjlII I ^pju (V|/ 2 ) c31 5cM o^> S 

<iGj> ^u^3l -5^>^3 O^L*-r cJLw*l dlli? C>3l br C>li# c^3 1c5^bJ Ji (V|/ 2 ) ^UuJ C>i Lr IS 

\^i 

^Ui ^l5-?j>oi f^ju^ b /o- 

.^»_A JL^3b ^$>^31 ^3^31 Jl^31j (<sl^aj oJ^ 31 c3) Lit Qrt <4 > C^i (^iit/lrf I c>* 

^lJ-?Ja3I ^iSJAa- c>^ (Ap) ^v>^31 d (Ax) ^31 3) (^3-?l) cbl c^d-c* cb#-^ cf^ /c>^ 

?(AxAp > £) 

.(—) c}>\ L^b^r (Ax.Ap) c^ cb^b* cb* it 



?(c^3^it) c5^iL*3l ^Jl Li5)^jlpLi# c^ c\i^)aS\ I^jlA Lh^J/l# /^ 

.(h=6.63*10 34 J.S) <£^b ^u>^5 cu^j 

























^JjAI £# dj^ j-# cJ? <^iS^J>AI (3.5*10 24 ) c5^LJ cl >^ J5±\ ^A>A ci <z\j^JaS\ cfJb lAl/, 
AxAp> —— ?(6.63*10 34 ) c5 ojU cl>b 


Ax > 


4tt 

_h_ 

4h Ap 


Ax >— 6 63 * 10 ~ 34 > i.508*10" u m 


4*3.14*3.5*10" 24 - 

?«lJ v <»u*bA ^ / c 

^>Ju oJb <=ukbi ^l 

•C 9 cb^J 




.^LM cJJCAl 

c 5^LJ 5 A^5 cM Jb»jA3 ^viA^Jb «d^AJJ| .2 

.5^ALAI Ji cA 1 

-j-j^ c$A ^d^b^clc.LAl £^j-Iil v*Lp\ ^jlLct .3 
Cfub^jGl ^LAI ^ C 5>Jx. ^-LiL ^L-rAil ^2_L d\^s\ J£^JA3 

£>LlAI <sLfUl3^4£j ^blil IjLi? cI>L? ^siAb^jAl 5^5LAI 

.LAI ob^j (Oi^^il) ^lil j-BI 4 .b 4 n« A (cALAI) oc>lAI PjAAl I fX'bJll 

Sb^jQU^UI^ 


.«lJ1 


* urrvnt 


lli^li in(mMt> 


4 
-V. 


(CitUI^ £*Lil dyj~p- f jJ^\ ojj AV c5^ »jIj, iLb^ ^jlLc. .4 

J^uAI c>d^LAI ^£x^Ul t^lLL* cAI J^P c5v> c$A^LAl :Lb^ L*jA) 
bb bl^uLr ^lil ^pcAI ^lLpI c^UI ^p ^JlS I c>^ ^Lixbl <L5^#-11 c^bcj^jAl 

tfAlAI t>JuP c'Jz v ^ALAI c% c^Lbl ^Liil ^wu-A 

.^LAAibLip 

.^Uy^ll ^LAl CA^L^J i^Al 9 «JLl2 PjL&L^> ^JLr Cr .5 

LAI c> ^JLiij L^b 2^lAI ^p_ b cALAI ^Al tLbjj 
cAL* ^jlIc. ^LAI <*4^^ L&^A c$A 


Lou infcnvit^ 


cLajl* 


.6 




























U- rtll 


Jl !j 


l J) 1 . 4» c- J^all (j I ^yjJI <dj*i|M ,.\~>. I ~t <_»J Lll I 1 j^lr> 11 I 4 

ji sj^aLUJi - b ' j_.^ n — a 

,^\sii\ d . IU-.-... VI — c 

h 


Jj»' ‘ ( Ay = O ) <->' e? 1 ‘<^»Ll is 

h 


2tt 


— b 


47T 


— a 




I V^. - - 


. ^ l > <TiV 1 jLu 


E = m c — d 


b 

d 


.4,1^ v to - c 
^13 ^a ( h ) o! 31 

.^n ^ n i5U=J» a 

.^yS^-aJl f-^3 — ^ 

: ^L 1 =J 1 j * I"< S > 30 K- . .r.ll 3 .- -t.\. 1 L 3 ls j 7 

E = m 2 c 2 _ c E = m c 2 b E = m 2 c - a 


L 

oLuu^ < 2)3 J^ C-> 1-3yb 1 ^J ^C^i c5i i 3 ^ 1 ) I^ <^Ul I C >1 

c>T U^jAJ c>A^) 


(1.67*10"^ J> c?^LJ *di^ Aib c>^ut> cfyJLcr (10" m) c 5^L-J cJbL. 

2 ^^I c>* d^b^l£il c^Ia-Jli 

¥cXjuiAI c^ gt?«< ;11 ^lJ d^l3^c3J>ibU0 a 

b. c3JA^jJ^I d^)-i gi^.J.11 ^u5o>lb>^i) ^ c 5-3 cJ 

a. K.E=hf-W V \ 


0“ 


1_2 


—mv z =h(-^-)-W => -* 9 Jn 0 ’V= 6 . 63*10 J ‘ , *(^V) - 1 . 67*10 

2 A 2 v 10 -7 7 


v 34^., 3*10° 


v19 ^=>v 2 = 4 * 10 12 


v= 2 * 10 " m/s 


b. l=— 

mv 




. 6.63*10 -34 a lC/ijsiA^ 

X= _ „ ,, „ „„ = 0 . 364*10 m 


9.1*10 _31 *2*10 6 

?( 100 V) c 5 y c)jA> <=JLaju ^ cj^ ^i) ^ C 5 -? cJ-JL^ 

— mv 2 =ev => —* 9 . 1 * 10 ' 31 *v 2 = 1 . 6 * 10 ' 19 * 100 => v 2 = 0 . 351 * 10 14 

2 2 

v= 0 . 592 * 10 7 m/s 

h 6.63*10 -34 


C>“ 


Ji = - 


9.1*10 _31 *0.592*10 7 


mv 


= 0.12 nm 


































*=ii GiUi c5-5 cJc5^LJ v ^JA^J)^ in tfilil) £f j-» ^ ^«?JA)1 cM ^Jp ^lil / 


: cM ^ 


Ap > J_ 

i; — 4 tt 


c3Ja^j) Av c^/> 



























ti l 

























(jtjjjJI (w-jJLa jUfl 


f.Ljy C_ J! 



g L*M cJugjiSI 
AJLei\ AJlil ^iDl 


^3 


b^^431 c^LfiJjI 'jrSL^j I^j3 £g\j ^^ Ll31 oL^j! 1 ^I^31 ~~ '•^Xup ^^31 -p 1^31 

.(^4. *3^131 , gl+& *aS I , ^l^ji3I , bi~31) l-_> ^31 

- VU* * 

• 1^334^ ^^13331 I c^Luijl^ ^u uj . 1 

.5^31 cS>b^^llijil c>^ ^^v cP-^ c5^lf .2 
-cL ^£~* ^}lXlS\ g\-0^j> cJjvl^j .3 
.^lL^^1 p«?I 31 cJj/L^ t^l3<b? c\jlJS? ^iLtlM d>l3^^lOl .4 
.Ip^l fAju^Xj cIoL*31 c5 (^ub^JJt cJ^_?-3l <^lJjU Jb5 -5 

<^L«^-ii31 .6 

.(10 8 -10 5 Qm) <L>^*xs. ^j 3I ^ujb^JJi <2 l^L!31 .7 


9^lJL^ c ^\jb^ v J cJ^^ ^lJjIJ £bil3 c3-?L*3l cl>^3 <b£ c-—31 L* /^ 
.1^-13<b? cIoL*3l c2jjlll$i cL>\j^ ^lO) d>^£>p^^^_3l ^1^31 5^3b ^l^uul c.^j 
? lp^l^Lb^b c^-?bil c3 c pj[j^yl)\ C^p^lS\ ^~bU cJub /^ 
j c^b^^Il3jJ) <^iJ^lj_li>JJl tfiil^31 -?b-v^l e. ....^ ^ibb^jOl t^-L^lL* -?b ->^J3 


c^J 3 ci^>^ 3 ) I^JJ/l^ ciO^>^LiM ^il j\umJ Ji ^\ 31 j)^jil c^jfJsd — :<=i 3 ^L 3 J jl^il 

► ^*x£. ^j31 <su3b^j0) ^L^blil^ pi^j3b J?Lj^JJ| ^lLJ^ JilllM d^b^^^lOl 


( 10 10 _io 16 Qm) 


d3l ^-?Lbi31 



\ 


.^u-?L-laJJl ci^^31 <b? t^3j4J* ^l0j3l ^Ll3l c^l_3b £uu-*3 J3 .1 

|pl^j3b LLJ^ U?Lj^I <d>b^^lli) .2 

.o>b^^ijG^lib JiLUl c\-0^> .3 

.<d>b^?^l)JJl c>^ <^lJL> c^^JL 5 cJ^-^^-lll .4 

.^ul^I^ c^ 5^^^-^1 ^1^31 5^Jb .5 
iiJJl J3LL3I d>b^^H3I c>JLaI 3 J3 ^u^>Llc.JJl p^l^3) cj? .6 

.(5eV) <^31^ U>^1 ^Jl^3l p^J b ^3 : cX^rF ^-^1 

(10 10 _io 16 Qm)^^^|^Jj ^^b^j3l ^Uil .7 

.^1^3) c3b-^ -8 


?^^b3l _?)^il £$Xs* p^vJGl p^I^ 31 g'Lb^l ^1 ^Ulil ^bb^J cib^ 3?^Lb ^bb Lr /^ 

.cJ^bbl cJjA^ ^L5 c^LiJ cJ^ 1*31 ^Lpl c3) cS^^y-i ^ ^J3i c^b^JOi Ji^i c>l 




















tft i 4i< J3 


yi 


^1 ^11 ^ Is ^jul c^LiLl)) l^j (2^iLj ^Jl ji^11 (£l«b - i^lL^^1 

' - :^b_,- -5 

>j XuqX t 9^1 ^a ^la^_? c2> dbb <^u-D dbb Ibl LbJAA c>^ dAl&JlXS £U\~b JJ .1 

5aw> c ^ub^J ebb* JlJLJ ^>\ i ^\^il ^la^j> ^Xju^Xj ^\ cJ)^2 cfulc. <d^_L a I lil LI 

•c^ub^^Iil cji-^s^lil 

.(32 Ge) ^ (14 Si) c2>^JLbbl cJib <db^^lOl 4 c5l^iJ/Lc. .2 

.dib^^lO^Db i^Xs cj^ jjlXlSi -3 

.<d>b^^ibjJt c>/ ^iJU ^?-bl <5 l*j_a .4 

■ L-^J ^lL^ 5^5^Ju .5 
.(i^fii-c^^^ljCJ)) £^>jb) d>jA>b .6 

.(10 5 -10 8 Qrri) «?)^JS ^jj) ^^ubb^jQ) *=b^Lli) .7 


?cJl^<^ ud c^3 r>^fub) ^b>^I> cjlX j ? v ^ft-bb b / ( 

-^ulnd ^ cdb^^lOji) c>> ebb cdLl> cp-& ~ : 5^-fi-b) 

^b^15 ^1 (^b jXXG ^>\ cS^S ^-a ^Jb ^^-Jb^1 ca ^XJlX\ v^X zj-0 *ja^ c2^^lOt c>^ ^b^15 

(Jub cbLl> ^i) <£Ud 5_?ti) CLJ^-15 tfL5T-di ^ ^bb_^J>) c2> ^jXJLX\ v^X QJ^ aia^ c ^z5S\ ^ '>Ll c> 

• cb ^ 

cJu-^^_lil ^-t^> ^iLLlM g\-0^j> CJ>y> £f-> 5b <d>b^7.^/ L^-i ,-laJJ gi j?^ 2* - \i^<z\JlfeJ\ r ^jl> 

.lyJju^j cM c~> b^u^ ^Jb d^b^.1^ c5Ji^ 
?5^(^i) ^Aju^Xj cJ^Jjbl C fub^yAii ^lAj\3 cX^ /ck 

.d->bjj-J>l ^1 d^bJLb £\SligJS c^jbt cJ^util -?b-?^bi <2Jbb^? ^u5b^-^) l^-l^^Lb «?b 

<=LjJj 15 isXliv JJ <=iJ^L*il :>_>Lil /^ 

o.l3^jCllc>UU ^51^1 (5eV) cblL-^3 tfb^ljb) 5-? Ulc5 5^5^Ju cb^_b c~~> 

cb-7^^-b) cX>\ ^oJCa^O) JiULil 


CK 


^Lbl b^? ?5d>b^d^l^-fuJ) <b3 &^Jb b 


9^L/ r*Oi 1 C > L>^^3 cll^ J’Ll- 1^1 / 

^ — ?c^L^il 

c^b^jOl Jl^l »lii) cJL^Lt «T^UL LI Jd-AI c^b^Ol JMl slit ^^ <^l^iil 

^ o^b^^^itl.Jil 1 ^ ^ ~ >—* ^jLM ^LJl cs* ^'11 j^L^^ l ^ ^ ■ i v ol <h 111Q—Lb I t ,11 LI.Jd_JI 

.<L>\ ^fuS\ 

(OK) ^>i-b 'J^cllqX I ^-A ^jJ_c- ca^ ^ilt.C.j cj i db-^ j^w <^L?b c5^ 7 ... ^ ^lJ-c-I - cS ^ 7 ... / 

b^-L-> 5^-db^ cb-Pd-f^ ^^bb ca^-P (jdj ^Jb c5 ^£> -: ^yllt c5^7^ii 

•cf-’jb cSjX*** 

? ^blil c5^lJI obT _/c^ 

. ^L^lil dibjbl ^a cfb^ dib ^><=1 Jidl b) ^^lil dibdbl ^b?L*^Glil c5 ^luS\ ^xi 
^L-nA^bl 0^1^ATjb I b! ^l ^^b i ^L-t^Lub I C^b4-^L^l CL-^b^>(N) ^ ^ ^ ??*?b /qj-v 

?lbli &CjpjiS\ c^jAsls. ^fuu-di 

c>> Obb^d3l c5^t^bl c^j^_dl31 c Jv r b-c- 5-b^lil cbj-P^-bl ^J-a cb dib^»(-? alc.) ^7 cdJ3 

.c5^l^bl jX\zS\ qj~0 Jsdi &^b^dil JiLlbl ^l^J-a cb ^i^A^b) di)^Aib) ^5 
























c^jASb (N) £b ^A) ^u_d 5_?IA c5^b-r^ c3 ^jJJI ^ulj b /^ 

^jL^Jiii cJ 1 ^I £lJU^£* cS> dbldj JJ ^b dlAbA U.J^ l^lJ^I c5^bb^ ^JjC^Jb Jz-j cu^b c3 ^jJ 3| c3b 

.^jl^A) 3 b ^U-di 

C^jA>L> d>l3^b) ^L- -J«^Ll^Ldi) d^jA>bf*d^(^.fuAl C 5V^*J (P) £*b cbb^ ^=u_d 3_?b cJ? /^ 

?)j>ia ^u^jhii ^isdS\ 

cb?^lM c$> c^b^b^b) (-?^lc) (-?^LC.) 

9tfL^ud3l ^Jb(P) ^A1 ^^ t?-?IA cS ^-bbl ^JlL^A) ^5 c-AbAI ^->b) *xxj b / qj^ 

cbb^JLi) br^^_^lil b dbldj b ^b dlAjiA L>b li?L3b c5^bb cJJL^Jb Jibc-JLbl c3^jJJl c3b 

.^JtJ^A) ^A) gl. rf . bi 

?j?^jlJ b ^uuju ^jA^v? ?b^.I j ?(5^fb-c3^b^M) ^jjb _?^^lA) b /^ 

.ebbb' &Ld) e? ^Lb) <d>jA>L> -:(5 ^ii-c3^b^)) 

.tfbtj? tfuLdJ) ^juu 5^fti ^=bLl> d)^T ; ? c3y>b-^bt ^^5 iIj b^xLe - :b^I j 
. rb^Al -2 cJs^b^ 3-?b ^ b -1 &^lJ b ^judxj 

- clAi j-# g=i, b 3^b dbb c3b )jJ /^ 

U^At ■yjLJ ebI i^’LaA 5^Al c^b^_?xix 5-?bb .1 

.^lV„«? , A^ ^i.^.« ^ ^ b^btLLL^ ) 

9d^(^fuJ) ^*x£* 5-?bb c3^-? 5<d>b^>-^ jlc* vjXj^ .2 

.^ulAl <&-£**x j c3-Jd^ cfL^ls* v^JlXj bilbb 
95^1 ^^JOjJl 5-?bb c3^?-? <d>l^fiiJI 5-?bb -3 

bU31 u cl > - _ ? -bl cJ^b ^jbjAJ &Jit£> ^bL^b 


•CK l 


? *l)U c 5 Uv»>, 



i/lb ^L> (PI) 5^^b^ (P) ^^-b cbu ^Jl^LLM :^5>-ilIAI 

c5 (- j-l5' ^ c5^^-bJI ^pjLlbb (P n) chilli I ^yb £jb ^lLJ? _ :(Pn) ^jdlbub cil^Ll^Jil g\ 3 ^ ^ 

.Lj^b (l|i.m) v ^-Al ^iistJlli ^ 


>..) 


y^x)Ibb^ ?^3 ^Ij oLJ^ ?(Pn) epjLiLtJS c^^bl^^LAb -?b /^ 
.c5^^-b-3l ^>jb-JJ (Pn) ^>-b-lil ^yb” cf L ^ jC ' c3 ^ „y& - *(P^) * b^3 c5-»x^bl 

.(P) c5 ^lJU) cL>b^iily> (N) bJ_b-bl c5 <d>b^JJ) ^^LfU-b - :^b 

(Jj)^3 ciLbl ^Jx. Juuij ciLbl IjLP ^-odb bd^dbl ^Jjt^3 bJ^A bbb> tJb^J JJb^ _ : c5^4b)^>bAl ^3 




^J l^/Ll? (0.3V) ^(0.7V o btl)) bji^ bl^ x L/ ^bj b, i r c> ^i< fib) 

?(Pn) ^bLlbl j-^b ^I^lI# ^*jAx /^ 

. ^j uv< <...iI ^1 ^ .. fc> 9^b .1 

. I C^ i^b I ^1,1. .. i . 2 

.3-?Li) 3^1b^- .3 

?)iliy> (Pn) c5^^b c^jlb ^ ^ cy^bli) ^Lib t-3b /^ 

c3^>^A) zjKJu^j ^xj>\ cbJJ ^u> clu&ij cJ^jul^ ^L3 cA) c^y>Lbl ^Lb) cb-a ci^-^ (^blib))Jb> c3) 

c3c-3^ c3,b^b ^’^i) c>^b v b^) oL^b) b) .5b^'b^ cj? ^y>b4 ^bli3 ^\.,.^.,3 ^^./b) bb-^b) c3b^ 

.p^ b4 :b bb-^b) 






















cft^bjil jbfjil OJJ i^rtr 0 ) / 


O* 


C^Jtbl jbi’Jil 


ckJbi; P <Sub-3! ^ Z^ju^ilS o3L31 cb-^31 Jz-3^ . 1 
.n Alfeiil 9 ^l^jJ 3 c^.,31 eb-^31 

LiltJ P ^i3-^-l3i 9 ^l^jJ 3 Cb^31 o^lil 3 l31. 

.n i+Je^JS cJbJl c^i31 JbJ 

■ C^Illil 0 ^ C^l^-fbi31 ^ d^b^>^jCijil ^bl^l .2 

■C^IlUl ^5* o>l^fbi31^ d^b^>^j5jil g'b^ul .2 

■e^llbl ^cb ^31 c3.3 

•cP-lllil ^uc. ^J1 c3^3 c>b^i5 .3 

.cil^Ll^Jil jIj^ .4 

.oi^yvui/ji ^/<> ^juU .4 

.Pn <^L#^bb ^Ij^\ .5 

.Pn b cob^jb .5 

.Pn c gJLlIll cJjAJ clq^% p ^>b3 2 -^-j .6 

.Pn c^ibl cJJb> ^3b» ^LJ c^bjj .6 


fcbjil J ^ (Pn) < IaD <jl^1 ^Juu j oi ^uu^Jil 

.^l!> ^Jl^* UyJ>i J-?U> cfub^J&i cJUM vlfjl bJb> c3^jC cfulllM cfuL^ JlLA\ £$6 b^jCll cJUM &Lfl c 3JJ 
? C 5^jCtil $1/Jib L^jlIc. (Pn) c ^>J.ibJJ jp»l3l cil ^il^Jil ^JLk-1* 2^15 /^ 

. ^ULLL^JS ^Ly^>\ Li c^uL^jJlJI cJL^I t>Lfb cl>^_jJb c^ulllil c^vlc. *kb_AI c^ub^JtM cJbM sl/l d*J3 

?<^L5Llil £-1_^t c^L / 

- c^L^i .1 


V „J 


O* 


.^.xiiiI jLfJJi ^ 

.^uJb^J ^\Jb cJl ^-^31 c^ubb c Juvjij v^ 

.gL^I c b bbJI b-?Cb^bj <jl)^ < 11 Ji ^/i^JLO ^ 

• ^'^31 9 ^L<J ^p LjL< 3 ^ ^1 li ^J uv.t. imLu^ ^ 

.(< ...W. JI) ^LO ) ^uJ3l ^LjLj .2 
.^^bll jb-fjil guL^kj v^ 

Ob^J <^Jb oM ^lJ^31 ^l51^3I cf^Lc' cb-V ^ 

.gL?b ^^JL^3 

rbb^J t^-^ju c5ji^-Ji c^J-cl 9.j>L>jJ 1^£ju ^ cJl^-31 c^ubb bjAJi Jd^J ^ 

.(0.1V) ^JL^il c^5LlJ^ (0.5V) c>^ jQJI c^Llb ( ^o.c3) ^Ul, ✓ 

- :(LED) * ^J3 <£^U1 c^3b^t .3 
.^p-fbjil jb_5jj) ^Lb^J Jzj^J V' 

.^lo o3i ^iJb^JtM ^L?b3l cJu^-*’ c^-bb cJuxjij 
. L^—_# ^l i ^^3 1 9-^131 r_ o p ^^v-bb ^ b^Ji I ^ L^J^li ^JI bb L.3 \^ b^ L31 o5 ^b ju .,«,.? 

(sTlii^ 1^,1/ ^JJ ^yi^S\ 9 -? 131 c33^ tfLiiiy «. 31 c3i^3lil c3 Jfc ^ 

.£>\ ^a 3 1 Cb^ ^LJUtJ <£lJLuJ c$ ^j3 C^LJbJ 

- i^biil ^Lil3 J^uJl c^LlM .4 



t>bb cl 


. C 4>.^±<31 ^jl ££\_*bjii ^b^Jil ^\-£U^p ^ 
>bj ^31 c^^blil ^blil c/J-fib ^ 


^3^,? 9^b. < JJl (^v-t^L^J) ub> ^L^bb31 <sib> c^-?&L^1 QP-* 0-3^1 ^ ^J1 

c^bil ^ujA5 



































(jtjjjJI (w-jJLa jUfl 


Jl 



O* 


^LJ\ ^lL^) <L>JaA^ j^s~d>jJ\- <=J>\^SS\ c> -:(E) Emitter <£^LJI .1 

•c^b) 

<£<g>LM sob cal TV sob £>-# £_L^j — col^dlil *=Lb_b gL^ 2j ^oj^j -:(B) B3S6 so-£>L l) 1 .2 

^L> ^>jl^ -:(C) Collector ^lil .3 
.^fuJtc* ^Lfl Jo£ — SoLC*LL$1 

^lil cjj4^ glJLuU ^^JU &J\ ^Llsulii djjAJl? £^3 b / 

?^UI^Lo<£^tJI 

^lJ\ cJjAJ- £-*bl c)>\ cLcUl c>-^ li^U) c3jA>b col 

.(Ib) soLc^bJl ^tJ ^LlL* (Ie) cLc*LJI ^LJ c>^ bolo c3^jC (lc) £-*lJ>l ^1_J 

j-L^j3ll^lM cJjAJ* c^b^jQ) cJ^-^,>lil glJLuu ^^ju ^pS\ ^LlsUlSS cjjA~rl/> £^3 L f /^ 

^lS\ c)jAJ> £>bl c}>\ <£*sz, LJ1 S'j'SCZ <^u ~Jjz?JS\ ^uotJIM <ojA>b c3b^^lbj)l 

.(Ib) solc*L1)1 ^LJ ^LlL* (Ie) c^LJI ^LJ cj-' cM Lulj (lc) £*1^) ^bJ c>l^ 

?(pn> cjublit* (pnp> ^ cXj <^> c^b /^ 


cJjA^ <=t-l*\OI C-'JlA cJlaxJ Sr“^!L#"“M o-' _»-^ 


✓bJ <^J>Lc. ?(pnp), 


•(Pnp), 


✓bJ ^J>u. ?(npn>, 


•( n P n ), 


pn c^uLlil 


n d*Jej cj-j aaSllj .1 

•(^U c3,>b) cs^-L* CS^ zSS- .2 


pnp^^^l^M 


.p £*\j!>\^ solc*L 111^ P cLtbil c^l^Jl ^ujA5 c>^ c 3^iol 


I c^bJJl sis Jib j~+s~ -3 
- ^cL&Li — CO^Lllil ^Lib cbuuJ) 
.(^J^Ji CLm&X> ^gL< 


o\5^i-#) dsyJLlJb cpJL& c$ p ^s~ .2 



c>T cfLsbJii dsy&lsjib ^S- .3 

? c ^-#bJ3l &L/JJb Uol-? cLc.LJ) t-ib / ( 


CK 


^ (G=768) 5 



.d>b^^1 d^l ^suJb v yUl J d^llsLlli cS^ 

^^iJI c^5 9 ^jl^U 3) ^L5 c>/^ 
-:c> 9 ^jlc.II31 c>J3 


)^> CUL-5^ 




bo 5^b2^Ul c->L:^ i 

.gi,,.jj c.c-LJI ^-LJ »L/b ^-Lb cl>t ^s> s4Jj> c...> cl>l 

b ijl P^LC-tbl) <sb^ T.CU 5^£.U3t zSs> ^5_bl-> ^ /ck 

? Ib fjLC'LlM -jla (I e = 3* 10 3 A) <~,c.LJI ^LJ^> (Av = 784) ^^L.j ^bl 


G=a.A v 

a=lc/l E 


■>-3 


A 


a=768/784=0.98 

lc=0.98*3*10’ 3 

^lii 


lc=2.94*10' 

Ib=Ie-Ic I b =3*10' 3 - 2.94*10" 3 = 0.06*10' 3 A 

V^y^iS ZJ-> jyl$ c£ <AJb^l C^I^Li^Dl cP-Lc. v'Jy^AS c Jwvxl_> l_CA j^*~p zS^Z : “AijljClil 

1^ ^i-3^^ibJJl d>L^Lib ^i-Jb^jO) 
?(gi;11) ^uoLlaJil <gu5b^j6l c>a ^blilil ^jI^L li* i-Sbr/cK 

c>bl3l -5 .c3b__jJl ^Lb-13 - 4 .cJla*)) -3 J^u> ^lLJH gXI^JL.Jj - 2 . 5^JL^-1 




























- Ls cJb c3^Jil L /ck 

^1 ^ ^L*v>^3l 9^iuil^ Ot/^jil •! 


5^xiil 

c!> 

g'ljJil c>* <^-j 3^5 o>b^^liijil c>^ cJU»> £i_^ 1 

^bL^il c >yJLLJi c>* ~*>Aj c>^^l£l) 

b JilXiM <SL^b> ^lJL 2 c>^ C^fcj 

. c ^l4) O'^ub c>^>-l3JJl 

.^l)^ 31 5c>^£> .2 

■ 4J i^y\j d>^LL d^t>i £J^I 2_/ ikJ^ .2 

.^pSlj^yXH ^ -3 

tfu-Ux. o? csT^Lb JJ tfu^y o>J/L*b»> c>^ *jjlj JJ 3 


^eJS C ^c\\ &5L lil^ *cg^Ul -2 


iLw31 

> y^JS cLfi*Lit efulUbS 

^liU? oil ^lJ^^J l gJI^M cJ^>£ .1 

.c\J>yip G\Jli ? oil ^u5b^jGl ^l?L^J1 cJ^-£ .1 

.g^u.Jbt.11 &LfJib b^JLlc. ^JlajiJ *2 

.C^bJJl sl/Jib ^£ L^^jlIc. ,5^^Jl o«^j .2 

. Laaa3 ^Jl^\ < t dui .3 

.<sL-aS^J) dA^X^SSy dAA^sS\ c£ c^* % ~ d “i -3 


c>* (P) ^“Py- 0 G^Zy (H) f^y> C^Py~* guJ2 .3 

y^LJjfyi &LlsLulS\ <L>)A-Xp>. 2 y gl^Ajl^S gIslZSS oJ/Ub*. 1 .b?gtJ guutfeil gujLzSS g^3 a 

f^utj^ ljL 2 ^)j 9^c5ji)i c£j <^11 .C 



P f^y^ c^Py~* g\^Z 

n ^y* c^P j-' ^u-t2 

.ySlXlii glAJAj tpl^i oil^2 .a 

.Jilllil tpt^i cJilj-2 .a 

b 

LJI^ CL/_^i» O'! 

xS^\"jJf 1 ^ibil ^Lf4-I3 0 J 4 -&**-bl c£ cJGy^JiSji\ . 

b 

\5lliJ^ ^■;«(?I^l ci^ul3 c) 1 ^_>-^l c£ o>lj^^33j)l . 

.<#xl>M 

^1^Jllil <sLful3 Jzjli ^xi^13 d^l^-fiiil 

^5^^-^1 ^il^il 5^Jb cW £jb cJbliil c5 yluAS .( 

usc5^ tin* q^jL^LJ ^LfL^J,^ 9 ^yfUC+Si 

.^_?lil31 o>^ “ A lf2 

cu5^ 5^>fe^l ^-51^31 5^*3 cW ^ylil c5^.l^i 

pJI o>b^idjil <=\l%rS> ^blil c5^JL-il^ 5^2L-# ck“Py^ 
j3 c $y m n«* £*L) s£lji3 ^SL^lil O^I^Jlil ^ 

• C^^P >3^ 


- :ow> c>^ ^oJ ^ii\y <£^Lil .4 
y^LsJ)\ Zuujp .b ?ljJL,^\ y\ ^LzS\ d>>L,U ^ a 
¥oil^lil .d ? C 5 >jLiU 1 guuIs .c 


,^>1^1 ^ 4.1^1 

^j^JI OC'Lii 

.S^jLaLlM cJjA^ <l>)aJ\S\ eXJo £f*?~ a 

.d^jl^LiM cJJa^ 2^131 c^l ^ui^uiil cl^^ a 

■LJCc. tv' LuL^^A.b 

.LrUI ULii Lob^s: .b 

■c^^ttll Jsj^JI C^J 5 c )Gljuls .C 

.^^Lrjil Jsj^JI cu^mJ ij^P cJ Guuly .c 

.^L^u /y t 0 l^J cjI^<C 11 ^l^uJ o y^ ^l3i < / .d 

oil^U^il ^l3L& ffL^udj bul^> ^JL^J ofrbil r ^ .( 
















































L 

?Pn qpjlUJI c3 cil^ .a 

Lllj < 2 X 3 Jl3 ^ P c3l cJullb Pn c^JLlii) ^u_^b3l n ^Ll^-iil L5 5^J>l cib ^ ^lUjil cil 

c>* ci ^Ji P ^LL^-bl b? <£u 3L* c^b^1 b n c\jl&iSS b? c~>\j^ j\ c $ ^ls <^uLli3l c^yt> cS-^ ^b- r L ^ 2* 

.cilI ^i a^ 2 * ^fww5 (^\l^ClS I cijA-#L 
c>* ^ibL c^l cJs^^1 <:= V^ ^ cXr^ci^Ji ^uviyjl cbj> c^ik-il^b-^31 5^1^ lc>* 

?<d>b^ m /iXiJ)i 

‘Zisj-P ci jfc tjb .^uul^il cS> ^>\ c>iii b3 <^uLbl <b^^31 ^u_d3 <^5^1 c5^l^b c5) ^b 

c^uLbl <bh^^31 <sub CLLj £J3j3 5^i) cib^?^iGjJl c>> ^ibt> cb-*^is-bl ^b^^iLJib LJi v^jds ^jjl£li\ 

.cJ^ibbl <s3^L 

? c jl>LJJ) &LfJ)b ^iLfJJl <=L-kJ^i -?Lji L^jlIc. (Pn) c5^^JJI j^uLbl 5^bL b3 ^vb ^tb c^Lbl .b 
r>^ jL b? ^/»-b ^tb c^Ldb c^llUl &uuLs cJuu ^ ^^b-lLJi ^i^bl ^>L> ^bbb ^Jlaj^ cJL^b cil^l^Jil 2* ciJJ 

.^ibl c/bllbl 

^*^31 J? ^yjLu^ fcL’b ^^-^-X3 Qrt^d fb I (Pn> c5b^-ibl Lb I .c 

c>/ I^b- 7 ^ c5^?Lj c^bLbl IjLP 5 ^JL b? ^Lbl cil cJ\aj Ibi^ <: Juv K b i^c> hLaj? ^ui c^LjA) ^Lbl ci 

.>^31 ^ib 


cKt 



10 o-/)^Lbl C ^u^p- 1 aT^Llil cbulbl cii ^^:,^bl^bl p^3L c5 ot) <£*_clbI ^LJ(Ie p^jlcL 31 ^Lb cib )i| ( 

) c^^L^I B =50|aA) cS^L^j ^Lil ^L5^> (lc=3.65mA?( 
a= Ic / l B 

a=3.65*10‘ 3 / 50*10 _l 
a=73 
Ie=Ib+Ic 

I e =50*10" 6 + 3.65*10' 
l E =0.05*10' 3 +3.65*1 
I e =3.7*10' 3 



















































(jtjjjJI (w-jJLa jUfl 


cLj^cJUI 



C^slbl 
^yJSSy ci L 4 ?Jil 


_ >.y^ ^3 c)^ <^L-^1 • 

c3b ^^JLll Ll>y ^Jl^tjlI) 5^Ji31 vi^jj cJy> cs\jy^lXS}$\ c3b zjp^Zi\ .1 

.5^Ji31 cJJLJ? ^Xyljy 51^l31 c>/ o>bj-Iy UL^r c3 
D^jJl CjLJ? c3jJ ^SLy jJL 1JLP^ I e\ji-^p cM cfuu IjLi^ d-'l-?-?^lib £dl> ^lOjil .2 

•cf'bb cij? 

?c5^a! 1 cb^lll ^ ^ y) ^Lt3l cf^Lygb / 

cdl c3^31^31 d^b^7.„* cJbb £?1^il 5^^y c^l^l^u; 51 ^J1 J y> c\l&JlS\ ^l-JL d^b^^lOjJl ^.1 

.G^\Sp £JZj 


o* 


w 

, J^l* 


.^Lw>^il 51^l)l b-lfLd c5^bJ d^b^^llijJl glLslZ cM bl LJb^b &dj>lxls 5^j31 .2 
.5^5r.„/ 5^jbl c3^ -?^l^1 s?^1^l> b? d>b^-»^lUjJl c~-~> *=ulb £-d3 JJ 5^Jbl c3l .3 

d^l (Ej) c>/ ^il3l3? c3il t^lc5 ^Lumj zj*jZj <sub *i5t|Jl b? UJ c~>y ^lUjil c -IAj L^xlc* .4 

5-?^juu U^l^iJU d31 r^jbl «?^*3 ^jbl cl>Li^^xlc. (Ef) ^Lic.t tfutt? c5 ^~...* 

:*yy ^5 cl>yjyi ldx*b &^1^IlJ c5^31 c3^Iblj^l 


Ef - E{=hf 


cp-Lc* cb^-d3 cjOllll c3^3U3I ^5L^yJJ\ <±AislHS\ s ^3c3^5b c ^ rr c>-^£ 5^b31 cJL^ .5 

.^uXblibl c5_jJ31 


5 v>( 

c5 j>l_) (L= 



c5^Lj d^I^lLt (L=mfr) ^^1 &^1^ b^U b>^ c^>^ll3iil ebbUr .6 

$ ^u^Jl dJ*-* ^Ju-b^ ^j l/ ^LflJl ^L-<->^31 d^l-?-?^ lJ-uJ-u/ ^^31 

<2£l3 iv-lc* ^U31 5_j-^31 cLb' cb 2 ' ^blb -?1 ^J3 c ^djj-3l^ c5^J31 c-- 3^lil - loL^Jl ^juI c>^ 

J .oL^il J boL^ b Ly-£-Jb ^lum\^ J^jil 

- :ciL4^J3l g'l^31 ♦♦♦ 

.Cj\jLy^\ OJL^p S 

.^b^LriJl oL^ ^ 

: gJJ>l3 d^bcbjil cJLJ?i fc\^ j\ 

. 1 ^ ^lL^3 1 1 ci 1 1 dJ*~* 1 c5 ^o-bc»- c5 y^" ^3? y^ ~ ■^ cl^3 1 .1 

dSy* zyf oL^31 (JlP c ^^Xljy I^jla ^/vb biy? d^ tZu^liSi ^>\ ^\J5\ 11 ^1 &iJLgM &LfLa>yli\ ^Ly^\ qj*s <zlJLc~ c^€rf 

. L^JU tfub^J 1 1 -X*31 dy &y ^JL? 1^31 ^L-h<^^- i 1 c31 1 c^ 1 ^ 

.^1 ^^tb ^uly31 ^bli J?^jb-^1 C> ^ c5 y*-^~ CJi-S? yJ& " -C^l^31 ^<V^3l Ctf < ^31 .2 

5^jL5d3t o>UJL13 V'^f c\jup y£>y d$^p\y^ 1 ^1 c5-?Llc.JJl JzjL^JI ^lIc. 5^JfJJld^l^U31 ^3 ^>/ <=lJ_c. cb^’ 

( c y^fU u l:>, ( yJLj,^y\,^ > \) cM^b ^lilJ?^jb-3 ^uu^l c>> c3^llJ C^^^J3 

• c>^ c>^^ 9 oLb31 

'Oy^ &Ceup y&y $S^>y^ ^b^l ^vbc. bJ^J31 cb' ^1 ^-fy> cSylS-cJLuj? yS> - :c3lybl cb^31 

.C-—J ^3 I J^j>l ^1 y&JS 
































(jtjjjJI (w-jJLa jUfl 


cUjjC. )l 



n+p ^y^^ y-bl y~J1 Ly ^L*J Ct< 5^l <■ f c\ L y\J^y-*-* yf y* ^y ^1^3* 

.c^J^lM c\JLj^ y)y^J3 iyyf 
.gukIjls ^ 3? y^ eillsuj ^Lu^$ yJ? - i^L^lrJil cJLJ?\ 

cjL^ 5-?yyy3) cJI[yj^Ul <£lL* cj^i 5yb c3jAJ> ^C. —* <slLJ? o^ c.« : lit ^y^3) ytb ^lJLs. 

.v ^Xii) ^1 cyt^ti)) ^\ ^LLbly ^lJL^\ l^ylsLy) 

by ?3?yky b / 

. Jz> (600) cblyy tPyy»c.y ^^ulM cij? yJ?y^y _ : ypl^ 3?y^y 

) ^Lu^0 Xjl^P cfV^JU cfLjy lyLA cI^lJLc. JbLyy ^yv GISL& yL/ <£>j?b c^l - :lPyyjb* Cu^ 

^yv.1^31 GL |^3 i O^ o^-^ C^y-^ y% t?yy/^yil^ c ^^l31 ^y!J 1 lsL &yJ £y<-A-u3i Cy i^l_C* £>X^y 

. y^ ^ 13 y3 tw<9 <yi^L*31 I^jlj c^>31 yi1 ci 1I 

•C 9&P" oLi? 0^3) cc3 cl>yb tj3 

Py\u^? ^Ly*y3i 1^31yjby ^31 c«?y-2 ^=Ul^JJ i yy^y QP-* y3l b^yy^y ^l...... ^?L^jl^ y yy^ <yl»/^yy ~ 1^1 < < ^<Ji ^Uu^Jii 

.^UJ^y tfUL^l c ^y ((O.l-lO)nm) cJlyy 

?lyiiy ?<sL^4?lliily *Jb^j&J cyJJlbb <su Tybl <zuulj)\ ^y ll5 ^JlP /^ 

.^u ^y\mU4mf yX» < j by) c^b. ■ I ^ijl^^DI o3 ^ ^y Lj .jAi 

^obluM cJ^b yj^J c5yb yyLC* cby 5yL# c>^ ciyi^3l £-1^-* /cy 

. ^i j ^lJL«/Jj j J? ^ LfiJ 5ybj3 
yc^-uJCllJI ^Jl1> ^lJLc^ P-?b ciy^Jl ^-l^J /^ 

.5yJ 5^1^yv y3yj ci-JtjJL> <i/b^yjjil ^I-J^<?i cXU 

y gi , , .Y e. 9^Plj? a . ^ *— 1 * ■ oLu >J)1 9 ^jU L J / 

<£>lj^jy]i)t ^ly^i <=uyj c^tfi. jj y c^l j «lJ^ y? <£^ljyy <£^LlJI »(y ‘=i_l it ^u_2jJl c^JJ 

•c5>^ 

fcyy^JI ql# ^ljll 3I ^UL^J)i 9jy y^\<t? ^jAc* J^jm 

ci yli^ gyb-jjt cyby5yj3l jy^ by<y^lll5 gi^ 1^31 <^ul^JJ) ry-i cy 1 


)yy ^=L*y 



j 


^ I ^buu'^ i o Llm^j q^ju ^3 <^1 / 

-:c^31Jl>l .1 
- : c ^£*Il#S\ cJU^t 2 
- : c ^tl>JJ) cJbM 3 

cyj? cJj g-ly oL3y r^JI ^LJLi2jil Li-3? b / 
yl3l oL^ 31 cyly gL 1^31 ^Lx^CjJl .1 

^yLu3l eg. ^31 y iy gL^bl gLi^/Jii .2 

c ^u>y3l cJy^31 y tfi^L^JI <^ul^ 2JJ( cybyjyj3 cP^y31 cJy-^3) 5ybj31 ^ly-b c^l -: 6b/y3 yob 

■ 3l 1? (0) ^ijyb c^3-C. yuuyu cyb^5yyJ3 


CK 
























o* 


JzjL Jj cJ yii (1.24* 10 4 V) ^uudji) *jlJ^jl^I c 3^3 c^b 1^1 / 

ciLo (90 ) ^1 < m^J) 0^1 ^ ^t>l ^ <£Jb^ oL^^J ^b ^4-e o^if^jb) cJ^jUP £$>Jx* 

^ P 4 i o.il j 

hf max =(KE) ma x=eV 


fmax=eV/h=1.6*10 *1.24*10 /6.63* 10 =3.15*10 Hz 

Amin=c/fmax=3*10 8 /3.15*10 18 =0.1*10' 9 m 
A'-A=h/m e c (l-cos0) 

A'-O.1 * 10’ 9 =(0.24* 10 11 ) (l-cos90) 

A'=0.102*10’ 9 m 
A x =0.102 nm 

'cs^^ ^ cp->^ l.cr* U^ i Lst^3JJ^ yz> - .^yASS 

jAz* cAu>^ ^ ^LuAJA) ykA\ c^Ljl-JJJLj ^Lil) 

?^J3ul ^tl* liU /^ 

.(c>^J3) c5-?l^() cJ^^3) c5-?L>1 .1 

cM c>^ fct/JJ) c=i±Ju ^^S\ cS> ^j-J3l c\julS c\-*y> <^U c3- :g=bLcrM .2 

.^ti> Jaj>\^6 Uv-i^ UJ c^Li>^-/ 

<y*-> \X&^ glLJJ ^4^1d^uju c^liLA 1 / ^JU £j ^->Ay^ ^^JS\ cA^^yj cs^-A - .3 

c^U>L/JJb c ^\j)l^ic, JJfo csAy£*A\ $^-^31 c^U_^rUij 1.BB Jiilf cM 

.Aitf 

cb*-?- U" ^i3l tfLLb <SlJ^ 9cj5 jj^15 ^jJ3i ^13? cM - .4 

&\juu\ ^f ^oI I^j 3 i^-L> ^lALc* v*ju^ ^yAS\ 

\^ cijAJ* x>^\^A XL& ^J-J3I ^A /cr 
.(c>^!M c5-?U>l) cJ^31 c5~>U3 ^j-J3l d>JJ 

f 9 ^Jup ^LpXuMjf <11) ^JL^i J £jm 

.9^jl^ ^4^31 ^Ijl^ ^Jm^» L/ 4^>t^ juI ^lL3 

^ AS I ^jl 3^>j^b j qm 

<LiA\ 

£>LlJJ31 

c3d3^ Lu ^LlSlJ? (E 2 ) c5 ^"hm* c£ ^ &Lfl^yJLs c£ cl>L s^X 1 £0 — \ j^jlA\ cAju^A^ 

C5 0 jJLA\ cbt ^31 ^uLfir 5o>b^5>^jbjil^i-51 tfub (Ei) U^lM ^Jl^3l c5(E 2 ) c5 ojj ^Jl^3l 

tfL,bLllr d^b^3 c pJ-C. cJ^5^-31 c5l AsAS^ ^ ^fe3l^ -3-?^li L^Jb ^>1^1 cl>_>j__ jjLU cl>_jl_ji <£^lxbl^ (Ei) 







J 


(N2) o'b^^libl)l j^lc. c,n.,i») «ii^JLM r^l.4 ‘c. (kT) c^?L -4 c!h 4 ^T,„U 0^4 c 3 cl>b iji /y« 

? ( nd ^bji^ 

N 2 /Ni=exp - [E 2 -Ei/kT] 

zS^\_^> o’l^pl <=l)L> <^ <=uJJAE=E 2 -Ei=kT 

N 2 /Ni=exp - [kT/kT] 

N 2 /Ni=exp -1 
















V^y^\ c£ J? ^S\ cJ\l} 0 jXi\ £$xi>L /^ 

JUiil^^l .1 

C>l5l^it L^j^LlJ c\S\juiS\ s^til £»^7^ O^ulC> ^Ilj CU^lls ob>f -:c>b^il 


.2 


&UUm 


&JL& JzjLJi ^IsJlSli LtfuJlc. ^lJL 3L ^^#J3 LiS tfuJlc. L^ ^>1 cXlbtiLr c>bcd-5: 
I cL^$i3 c>bd^L d'LbCuJil cJLlIIJ c> 13^3J ^>3 L^ioiLij L*VJ 

•C$\5j3l c-33 sl^3l c>^ 


O* 


?c5^TrfrfAi ^L«Xrtj^ ^l# ^ d>Lj3l c>^ £v*ti 


CK 


.3 

^LmjU £-1/ 

^-^31 I ^L-_^ 2 J .1 
c^b^-U' ^4 Igj .2 

1 < ^Lts I gL^3 I ^1 i i A i .3 
(E 2 ) ^l?L^J 1 c5 d >^3 cu^ L / 

. L^jj ^U ^>3 I ^ ' CLtimimU/k} 

?LU^ <suu^^lSl dAj^~mSS c\j^1 j ^*) AJjAlil c^Ij^lA\ ^J-J3l ^-3^3 ^Ju^il L^( /^ 

'^dp ^iJL 0 JL 4 dAj^^W c£ £=l>*J) ^J3I ^lJ^ 5 <db^r.,3l 

L ^l5L 0 JL 4 ^3J43S1 <db^r.,31 c£ (^ 2 )^ (E 3 ) o^j^r.,31 dru ^^JL*3I £_^ 

.(Ei)^ (E 2 ) c>u^-l^il cXj ^-b*3l _*-31 c^ 

? d^Lj_J31 £-(^jl «3^JL£. /^ 

.^^.-^^-31 ^>3^ c^L31 __ • ^L31 ^3 131 ^>3 . 1 

.c^^XS ^ ^'“3^j L> ^ ^ <u^ ^J^3 i ^>J cL ^ — ! L*31 tf\3 L3i ^>^*3 . 2 

0I <^LJL^ 1 ^»IL^ L3 ^L-jJ^3 I O I ^ Jl> Ll^_/ l^J Lj l ^ 1 x4^ Lm3 JSI . 3 

c3 ^ul^JsI c 5 ^> d>Lj_3 c^^3^isl c^^I jj3I cL-^ ^J_3I d^LU3) ^^xhr.J <^>31 




J) 




^LJ 



o* 


_ cUb' c>^ L <^i 3L* <^3Li3l to 131 L^ c^) d\^ ^»J3) ^ ^31 ^^-3 .4 

^1 < < ^ ^^-i^ 1 ci »^lS ^ I cJd> ^)31 ^ulJL> ^3) cL-^ guL^3 

r g rt * cl ^>U3I c^v>^3l ^^1^-3) c>^£ 

. 331 ^j-3 cL-> - : d)A-p ^311? Ld I ^j-3 .5 

^JlL^ r>^dL ^^3UvJ3) ^Jlc»Li31j ^^1*31 ^S\ ^ 4 ^ <£j*xs~ c 5J31 ^^j^iS) - :^3 La-331 ^^J3) .6 

^j.3 

?^u^L3l ^>^-J31 d>L^L-3 ^4^3^31 d>l3^x^L / 
.JLu31 c^^L3l Jl»^ 31 c £~ • ^^^31 *3 

.o^Jb^^S d^ 4 - r ^J ^c. cJLi31 ^31 &tnr* cjLcb ^lc.Lj - :5^^<J31-2 

.^1^3) guJijL.31 ^ cJLi3l ^31 c5 L*31 ^-3) v^\j^ ^JLe^ ^jlc.Lj - :<dl3^i) .3 

?cU*i3l Lu/^3) ^L quu^p £u^liA\ c^L^J3) cJLLp /^ 
- '■£?-£>p ci\jLp\ ^ujA5 ^3) cid^3 

.(He-Cd^^He-Ne^)cJ^^j31d>L^3t 1 

.c>^J j^J 3I ^j-3(Ar + ) c^^3^3)1 d>b^ j) ^j-3 cL-^ ^3^jjil c^Lj-J31 .2 

.<d ^jj^lXii ^4-J^1 ^uL? c^Lj^l .3 




















?Cd t y-^ ^^Cdl 

.^IJ^JJI Cdl^J^lM c>> dL*d .1 

c3 cI^lx^ ^ -^i^U cd^ } 1 c5^*Lc' c>/ c5^*Lb JaJjv £>/ ^j_J3l IjL^J cJb-lM ck^^3) cd^Xlj .2 

.(8-12 Torr) *kJL>d <z^s^ o!jl> c^,2j <^u^b?>2 <^u^d) 

^u^d <b? t^-b ^4^1 ddl^J> bl ^j_J3l ^jlJ^>x p cd \yyA cdl^J> ^uu .3 

•Cd ^-J3t cdl^S 

.(^ub^-Iit £-#3) ^^jJtlLuJ .4 

?Cd ^yJ^SSS cpjllj L /^ 

.30% c31 ^u^LaJ b) dj\^J^-IM La3) c>^ 1 

V^~u&\ jSj l .2 

cf^)^J-JJI £>-* .3 

y^JL^J\ ^*Lx^ cd yj^lXii ^u—J^1 ^uLl ^tx £>■* 4r^ c>-* Cd cJLlIM ck^^3) .4 


.(10.6 - 9.6 |am 



2^31 ^~jJrCL~j .5 
cJ^-4 0^3“ e £.«.-j .6 


^?LfLl5 JJ ^-*4? 



<=£> \^~y£ ~ :cd^L3I 

<^Udl 0 J^ c>^ cJb-iM ^31 Cd^ 

.tfLJJ/tli) dAj^yluAS cb^-*d ^ 

.1 ^L^il ^4^d £L^3I 

gul:gfb ^»^-f^ul5l ^jd 
^4il <.^1 cjL dLdl ^1 d 

.1.5% 

<n_c.t^il c^b^ Tdl ^L^-li d-^'-’h! ^ 


A 


O* 


.(1359 nm,1062 nm,914.2 nm> ^uiiy J?gu>b j^ic- doXf v' 

f C^j4^ 4 II pi 1 11 - 1 ^ ol^J r / L / /-^ 

. ^t-b b^ b j I b tf 3 1 1? 1 .-■^31 .1 

.{^ub^Jil ^Lbl djAb c>-^ 2^3i ^vIj .2 

.(850 |im) c$u>^ cJcJ>1^vJ>i rll c5 cL« : j .3 

^ulil cdLjA) ^Liil cd^]C Ujl;c. o^Jl^) l^^ 31 cb^-^c^Jbl cAjl^^S ^ / 

?tfi /Tt31 ^Lj £m -2 ?tfi i Tt M ^Lj cb^^ — 1 — -^4 

O Ll I l^Jp b ^Jl/LJ c5 d3 I) ^^Jbli I t S I ci , Lff> < . <« 3 LlL O b . 3 j .1 

.(5^J3 <£^L31 c p5hli\ ^3L> c5 Lv3> c5^j-J Jub c5l c~>*xs~Mi (jJL^I 
^j$ >dLJj ^>b31 ^i^-U2_y .db.d^b l-^^d ejbl ^-(/^4 l 31 ^b*' ^3^ ■*^Cdbt^di ^J l^-51 .2 

^j-J3) ^ljl^I ctJj3 ^ifLjd c,«^ ;r» 

^bl ^lJ^ajlJI ^1^llll Cd^ yJL^\ Qyj Cd ^yJ^lXii ^Xjr^i^>\ c^ullS cbl ciL^d /^ 

.^dcd yj^lXil ^j_J cdJJ ‘^w*’!^bl <^lJ-aj» 3I ^Ldl &L/i^ ^d^^Jx. cJji^xi^jAi 






















(JtJJjJl LfMA jU*£I 


Jl 



O* 


- : c fAj L <JJx, / 

?*uLlJ 1 olj? L^j) 5_?b ca,.l? CJ? cj)d>^J j .1 

c)\ oL_^JI c>^ o&~Z Qp cJjA> ^Lu ^0 gvl^p ^ <£<%yW $ L^J-c. gu^ti 

.^L^lrl oLi? cfJ-C. cJu^ U^xlc^ Uli?^1/ C^b bv-i ly^JLfJ ^pS\ 

?cbLbl^ d^Lbvt gu^K7g*JJl c&-^£~ cJL\«r.b .2 

.PjJ(-J31 gll^I ^ 

.5->lil ^l« : . i? ^Ju c5t C~>*XS~ JJ j3\lS\ V~Ls ^ 4 } ^ 

?gL.^i?Lli> ^^ySS ) c pJull~jS\ (2^jJUJ\ b^_p c5^v| O'L-fyJt .3 

^LtM c>-^d>^ jG) £/ <£^il^Jbl ci^jLP Ja3bJl c3^3^-bl c3b dGj>cl^-^^ibJI c3>JJ 

c3^3^b) cM c5l) ci^Jl 5-?b c>-^ c>> ^uljCi’ ^lJ<^ i3lt bbb ^i3Lk-M c>> L>tbL* ci^Jl 5«?b cb^.3 

. (cf^bv .<... i>l csJ^b^ ^LL-J 


c5^ < rf rtll &bj J^LC. cl>b lil <sii^ jL)| ^ c% £>LJI <=iil^JI 

N 2 /Ni=exp[-(E 2 -E 1 )/kT] 

E 2 -Ei=kT (<=ii ^Jl3I 5^1 <cb»^-j) 5^1 cl>ljj,lll «bt» c...../ 

N 2 /Ni=exp[-(kT/kT)] 

N 2 /Ni=exp(-1) 

N 2 /500=0.37 
N 2 =0.37*500=185 

?(30kv) ^r. 

K.E=ev 

K.E=1.6*10‘ 19 *30*10 3 


^il^JI c5 



?5^i (500) cs^Dl 


K.E=48*10" 16 J 
K.E=l/2mv 2 
48* 10' 16 =1/2*9.1*10 
v 2 =1.05*10 16 
v=1.02*10 8 m/s 

c^J cs t ^ c ' (40 

hf=ev 

6.63*10" 34 f=1.6* 
f=9.6*10 8 Hz 






L^> C<=lJL j Qy, 


& ^^ I 11' bl ^0 4.11 r r .... 11 ^1 <1 . i'll 1 O W 4 tf 1 ^ f ■ 1 ^I^LL/ L/ - • c_ V* 1 









































o* 


dAjJb^\ ^1S) ^uJ Lti / 

^>\^y&SS ZJ&JO^ ^lil C'L-^i) e\ju^p^ £lJl+^JaX$\ cfuLc* cj\ ^-i-lil £>-* ^jU^julM oJ^>I t^U 

■ AjJfil 

¥<=nXju s\^jS\ c 2 oLJ / 


(t) LI ^Jjil oL5Lv>l (x,y,z> il (x,y,z,t) otJU^l ^uu^f cJLulI^L 


<SL^-^ tfUU ^JU^XSUJ 


i>eXiJ> 


o* 




O* 


. £jm Li I fiuj c5<jii I I ^oI^jl^I 

L# C/l < /^Ll ^jj)jl < / ^1 ^^ ^qJjC> i 4 *m iS\ ^U/ 

£^3 c5l cM )JLS> t y^jS\ j\1um^S\ £^6% c£ v^jl/>\^ c3^£> cM outcM .1 

LI cJ c5L^xlc. 5^>l^ ^LfuHj c $^0ju cM ^juji c3 ^lIL -?Ll^l ^iM ^ c5^Jp-M oL*L-DI 

• ^C*^ ^ ^ -■ ^ -# ^ | j 1 -■./ ^ | 

^^jil cj€^~i '&QJ&S ^Llu/Jil ^ (3*10 8 m/s) c5^L*j^ c^L ^LuL g'l^LlI .2 

■ i^Jl oliLjl ^LC*yjj' ^1 Cjl^il ^j lC> 


O' 


^ J) fLiaiit SLj AjI HjLui Jj&u (jt£ ^a^Ia Joujj jA j juuYj 

c f j*uai) l^j JSHj A-jlVI Adualjjfil Ajja 


?J^^I ^y^C>^ ^^ilJ) ^L?L 0<^ L / 

.(l^j Jl^I ^L^jLI) tfu ^jl3 <5l 5L 4-lil)) tp^L ^lLAj <=L^J 4>Liii cuw 


cM ^uu 




O' 


j c^l jL /j? i^^il tS** o' ^lj^j c51 (0.99 C) L?^I^ul> g\iAj cifr, jl?L/ 

J^l lyJ LvJ &y^vjc> o<«^l oi ^4*v ^Llj c^lil ^l^ju c^<<i? ^jLiu* cjb ^< U^/I 

£$uL La 3^ ££wlll £>^JI .' k ' * 



t 

to 

^ 4 


'>■© J 

i- — • ■ 

^.((fl.^C^) 


?(0.9c> ^lc.<2^5113 L^jlIc. IjJ^JC 5 (50m) c^^^Ul 4^^ ^lJL^J gc_Jum /^ 

^wJI cl^jj^-ll o< 1^ 


























































































^31 sXj^jSS 


cJil/ ^IzSSf 3 cL;l3^3^_31 oLil2f^ c5^31 _?^jl31 cj? ^^LjL* c53 - :^£-1*31 ^51^3 

.(|LijLijLi) 

d^LL^ I> /o* 

.(e) *=l2^l 31 £>-* li^> cb-^ 43 1 

.^Jil3) 3? 14 -i^ LuJ dhy .2 


SIj3l AJjS 


fe/ 


.5^31 ^JjlTc> (99.9%) -J 51^31 JJC5 • 
c>t3 c53 ^iil) c^Lx^ c3l^ ^illXif ciL^ L^-l>guLJ-? 5 j^>I ^i33 51 ^31 <3 lIi 3 c3l • 

.(U) _> ^u^jJI -SlIiGI (9mu) 

c3l <£w* I^xa 5^33 ^u^JiJ) cJliD) c^ 3LJ £_* ^djAl3 JJ ^*1 ^lSS\ v~xa^ c3l • 


.(lamu=lu=1.66*10 -27 kg) 

.(A U) c5O ft y^ (m ) ^L-<—<—>11 t? 1 ^.31 tfdJ o3 ® 

q SIjSll 43^ 

c5^?L-3 r>l^31 ^l!^u 3 c3l3 13 ^up cS ^?t—> c3^^3^_3I ^lI^u 3 c3l U; 

.(1.6*10" 19 coul) ^u-^jil c334*^1 -3 lL^ :e 


:43 vp^x^jSf dAj 3-?>^31 d^ll^u3 



- : 3-i3 (V) 51^31 ^V' 
: c3-^3 51 ^.31 ^3 oL#3 


R=1.2*10' 15 VA m 
R=1.2 Va F 



(10 3 kg/m 3 ) c5^>LJ <J3I ^lil ^ ^i3^Llib^ (2.3* 10 17 kg/m 3 ) 31c5^?L3 ^l^^.131 51^31 <=tJI 3 c3l 

J^xa 5 /3 ^uuJ £3 JAj ^uv-- 3I 31 ^iit3 5(2.3* 10 14 ) Lj3 cS ^L*3 51^31 <^313 c3li 


































(jtjjjJI (w-jJLa jUfl 


Jl 



E b LjjJI Ailia 


pi yJ C^L)^Jl^ olj^ t. <\ t s JiS* Lff>I < ( r C> ^tpLj^-^l ^I«jLO 

.(MeV) lpl^v»>^ (d^b^c3b^3^^Jl c>^ Lpbc^l 51^-lil <e£JCli3 ^S) 


Jiil^idLib L^pLIp ^J1 £$>-i-C. 5l^lil dpb^j3^^p ^blllp Ji /^ 

.l^^pl1^3^ LyX^L? <z£^£* pIJ ziLf (eQJlp^ piI^Jl <d>b^^p dl.,^A p^p <^ip^J ^3 cpil/ p^y Jc. : .<p 

?l^lc£>-2?L#^ ?^bu* liU^? ^-lil c5^iib -?^u^iil Lr /^ 

— • ^<\Ap U ^v C> I ^jQjO l^JL^ Gpb1 GP"^ b*P GP-pl Vyi 

it/ p ^3 c ^s> .1 


.CPOl 


.dpb^Jj^_d3l £^3 ^jlaIap JJ .2 

.i-jt—^bl cj? c5^JJJl U>^U^ .3 

. U^ p l^b i ^ i^ c5 ^v' ^-» 4^ - 4 

.pl<=utl)^j <=lL^LI> cS^^ _Pp c-<lj_jJ^__^JI <Jtl3 o^j c3^PJI ^_j_2> - :(^\JJLJI c^ilil 

C^^LP (lyN) 5^J> <S|Jl3 cl>l <f.oIc. Ijl (MeV) __jj (^yN) ^TPlI pl__}_ll =U__J_jjll Jzp^I <si5lj? ^JL/» /^ 

L^_>l (1.008665 U) c?_^LP cl»^_^5_j^lll «lLi)^ (1.007825 U) c 5^LP p^j «ulll(14.003074 U) 

?cl>__j_Pl__j-j JJ5 <®u^_jJll J2 j_^M «iJU» cJ^uu 

(c 2 =931 MeV/u) o>li (U) __j_> 91^*^ «l1iUI cM U; 

N=A-Z=14-7=7 
E b =(ZM H +Nm n -M)c 2 

E b =(7* 1.007825+7* 1.008665-14.003074)*931 
E b =0.112356*931=104.603 MeV ^Jd^JI 

(0.112356 U) dllil tJL2> (Am) c^i 

E' b =E b /A=104.603/14=7.472 (MeV/nucleon) 

E' b =7.472 MeV JlO ^ 



C\lfL+M G^I^P 



^•ki. 


)^ji (2He)^JL> ' 


UJI J>Lyl 

f Lii) 

cX3^3^^p c>-^ c3^ yJL^\ pi pi^3 
fI a, 1 J1 bs3l J>Lfl P^JLuiI ^C» pl y 31 ^uLu 
Li^jLC,L«j c5^-bl t?JLP c>^ Lbl (^lL 3-?) c3>l*-3l c3b <^ll3b^ L_3 ly^fLA^ pl^_l)l ^iil3 ci^A p U^lLc. 

.l ^L Ly^Si/> QyJ^p ^ll ^VJ^I T^ l ^^uLcu J^il c*Jx. 

- r^uillil <^i3-pLtib Liil J>lil c>fr ^j*-lil ojC^ ♦♦♦ 


zX 


A-4 4 .. 

y + 5He 

Z-2 y 2 


240 

94 

i 


Pll 

Ij ^ ^ 1 1 & I 


236 

92 


1LJ 


He 





( LaJI 

























cUjjc. )l 


M C~> b3l <s^p\um' jj 


Q a =[M P -M d -MJc 2 


cijAsJ)\ <si5lJ? ^Lfji v 


:c^) 


.5^lJ r>)^j3) ^-ll3 :Md 

.U3I 

.931 MeV/u :c 2 


?b3) ^SpLlmU llk c^sCj v I ^lS ^^JAS\ J? ^JlS\ b /o-* 

.(Q a > 0) cM d>\ (Qq/) cJj/LfJi) ^Jli? ^uuJ c>^-U cM 


LLj cU^i .2 

.1^1^;:J^2$) ^3U <^31 cJ^3) c5^i3l c5Ji3)^ ££0b31 c pjilhS\ ^sJbul^S c)M>sJ)\ 

- cijAsb hjllJj cS c^-V \ri cb 5 ^ c>5t<^bjA5 £ltl£> 

cS>lj> CP-^^ (-1^) ^ (P ) 1-^J (C^^^ijOjil ^1) <^L-3bJI LLj (<^uL_L?) C^Lu-jt .1 

<£>Ll-j1 ^l-JLJ 1 !:..> cJJ/Lfl c ji)((3 ) Ll^j djAs\ ^—1^*31 &2L£> (-e) <^i-3L^ 

-?^-*-*3c 5^^3I -?^-L*31 I ( 0 V~) (V ) b 4J 3 1 -?1—^—* 

. L^j) c^b^L-j *=b c^libl 

C^li (+l e ) ^ (P) 4^ br'.sU ^ ^ti ( c£^b-p) .2 

^L^il 1 < . ^ c"_ I L^ cJj^Lfl ^L^bu*3( ^ (+e) 

(V) ^3b | cS^ b«) <zl^> ^JL3) g L* 1. b I) ^^wv— ^ O'llL-jl 

S^up c^b^L-J <=b C^-IiXJI c/^-iJI ->-L*-tt c>i it (oV) ^1 

^_,Llt sJLP (^wu-3^ ^i_lj>-t^Jt tfu^Lxil cu^Jlil c^ljji^lUjil -v»JJ »l^.iM (^Lul)_^-t -3 

?L^» L^jI ^i__Lc. c j_1^j L\J «i cLiitfvi cit JJt ci^>^iltjit <£>Li^ <2Xii^ ^\_ a c>c- 5^1—c- - :ci_jJt 

•ci^^£y/0 



64 

29 

13 


Cu 


64 

30 


Zn + p h- v* 


;n 


41 

20 


Ca 


13 

6 

°€ 

-i 


c + p 


41 

19 


K 


A/ 


( 1 - j j. '■ \ ) 






















<£<%/> cbl v \^-lib oLb ) 

^-tr 1 ^ -?L^^ cb^*cb^ C^l 5l^bbl cbb^ Jj *jg>) cJjAi’l ^ili Crt^ *11 cb^* ^zSS^iS cb) / £ 

:<=LJJJ| ^bb) ^^Ixib cJjAi’bJ) IjLi? c>c* 



IjLP c>^ cb^>^5,bcb^^5cil 5)^bb) ebb^ ^>1 cJjA^I £Li c.t . <*1) cb^^bl L#l 

- : ^lJJJ) ^jJI ^J^lxib ciM^JiS 


P“>o n + P ++ o V , (P + = » 


?5l^bbl <bb^* Jj ^>1 cJjA^l L» /ck 

.U>,Jj^bLl^JJ ^_dbl c>-^ ^*b) &)^bbl ebb j>^jlc. cit <bb^^-db) ^i_b cbl e. ■.../ 

?5l^bbl ebb* ji/> 1 cJjAi’l o^ L* /o* 
.Lbb>)^b>bl gL^dbl ^JL^I <^>d> pi^bbl <d>b^^_ybl c^l ebb^^-dbl <^l_ 3 cbl e. : ^ 

^ K 1 

X^IIslZ^ <^id>^Cbl l^-llli (cbt-c^ _?_?^5) ^uJLa ^blj? c>lb (ebb ^^i) <^u JhllL *^udl — :Lslb ^Uubl 

.1^b- 7 ^ c5^?L-j c^ullOl -?^ubl^ c5^dbl -?^-ubi cbl c£l (oY) ,-?! (Y) 4^ Sr 0 c5^?Lb 

.^u-jb^1 9^b) bJL> c£ v\ ^bbl cbl cbyd (*) 5^Ld| 


240 Pu* 

94 ± Li 

d —=~^- _* .g ” ^ 1 1 



240 

94 


Pu 


°oY 



S Ji h V_gJ 1 Si _J.1 1 1 ^ ^ Lo l—^ 

( si .^a) 


hjjU\ C£te>\j2l\ 


-') 


drXySS Z\ c-—b^ o^Wb 1 ^yb c5bbl cJ^b-bl dJbb 


^bI c^iAfi'bJI cb c^i cJi c^xil c^y)I b / 

.(bJijGl bJl^bi) J£L> cb^3b .1 
cb^3b .2 
• c5^l^l c b,-3 

.(c5^bb) ^^ub) J£l^v cb^b) b-Jb^jG) bd^idbl J£b> cb^3b .4 
(c^ilDl «?^ubl J£b> cb^3b) ebb^-Jb^-db) J£L> cb^bU .5 































^^Ji^LLlib _ j cS^ylS\ cJLc^Lili) c3b (Q > 0) c^l (Q) <^u\-3 <£Jb )J>| ♦♦♦ 

.^Jl^li ^W\ ^bc-LllM ^uj ^d^LllM c3b (Q < 0) c^t ^-JL^ (Q) d3b L) ♦♦♦ 

.(MeV) (Q) c3^J3 ^ (C 2 =931 MeV/u) c3b (U) v^>y> ^LZj L^jlLc* ♦♦♦ 

?<£u^ dj)A^\juS\ c5 ^Uv^-il dijljub) ^5^4JU /^ 

-?ic5^LJ c3^j^ 3^j31 cM c 3^3 i^u> <^J ^nr^t *\ ^*-31 cJd^b^c3ljCb c3jJ 

.5)^_bl csy>^ ^u^blJI 

*c^a o-* (Y) ^ ^ LJ1 (Of) 1j3 i c->lftf o^lj /i 

.1 
-2 

ojJU^b Ls>^15 .3 


O" 


(Y) UlT <S| 

(P) ll^j d>Lv. 

(Of) Liil <£^U 

.«?! yi\ c^b c>ll3J)l cJl3 

>jb S^^jj cJjl ^lJLJI P d^Lu^ 

.j! 

.-?!c^b c^-Lc. 55 ^^l5 4 . 

c3t^13*1 zp-Lc* vJ ly 

.^•L^Jll c5l^i d* 

.^•L^J)l c5l c 5 «i LU 

■cJ^su5 J 

^lJLi/ l^( c ^uLc. cJ ^ju &l/b ci^ lI 

.^lL^ 

G\^y 0 Ipl cpJ^ cJ^jlj J?l/b ci^Ll 

.^lI^ 


jl/ o^bl^3 c^M ( 2 92^) ^^-3U5l^3 cJlL* ^lLI 3 5)^3 <=^3 ^J3 c5^^3 cJlc,LL3 y& - :c5^-bl ^1^334$! 
(c5^1^ c>^^3^J) c3^ Jjy^ ^4?L^/^ <zlLJL1$\ 5)^j3l &JL2? oL^3 c3^>^ c^ £^-3^ ^illlib 


.vjy^ 


c5^^3-M Lfi^ (B /'- c '^ ^ y±j\^yS I c5 (- $j ^L^-uL>I gu Lie* ^Jul£ c5<3i3t c5^^Jlc>LatM : ci^b<rll c5^, 3 -bl ^JlC'LLi)) 

JuJL^b cS^ cJi^LLlib ^\T//3 cM ^ 1^313jAi ^lLLLM 


StJJ (Ai3£ib Jllbi-^) <jbtj3 4-iS ^ jjj J&lij jA 

^ l>^ ^ J^Vt stjiit aus 

Aifcte' j 3l]jj Sjja- 4 AiUa ^3t JjjS L)^J cj/yb^aVt 

# ^AiUaSl-Ai3£il^ jfil£3 ojluVnt 



^j)j l^ilp jJbt A^LaJjVt Lj^lPliH) ^4 A^jUlt 

.(AjjlkuuVt) ^Luiit (> l£jfl A^tj jkkt ^Luilt diA 


■ i^L^b^uJii ^tLiJlil 



































?cI /ck 

t>^dbl c5^^-b) ^\juZ^S\ ~ _>^) ^LslSJJI gjLfuls^ - l^fULfflgJi £fuil*ii c5'^b) ^Ll^JJ) ^j?L^-/ . 1 

.c^LJJb c^j&lsSJll J?Llbl — 

^iJ c^JI *.... 11 ^i<...11 ^uI L^iI L^ - iL^JJI c5I ^Li^JiI L^ .2 

^L5\J-^b^) I^L-_-_A I il? t... .i I ^^-b) ,^b-b I ^l *... 11 ^ ^»b) cl'* b UJ ) ^J/lb)^ l dbl 

.*=u^^_^l3) c^J/Lc*Lb) c>-^ ^Lfillit *=u^^_j-l3l c-'Lc-Ijl^JJI — 

?c£**>bJ gAjuZJ)\ cSJiii ^^*~%> /o* 

.£\juiy>\ ^ .1 
.£AjuZy>\ .2 

.^t*^) Jjl^J o^il ^bl .3 

?£$v>^l4l c5^> ^AjuLJAS Ll^usjI ^uu c^lb^>^U) cs^ ^ ^ 

.c5^_j-l3) ^t « *C ^lA3 £jp ^ %b I &-*,> z^Aju . 1 
• C5^^J-bl £*\*<ZJ}\ <Z>-£~ -?[* :^l .2 

c5^LtdJJl cs\j ^ubj/lil^ ^i-Ji^31 ^>1 ^bl cJLaxI^I .3 

zSj ^^><31 ^Lu</^t4j 9 <JLjL# oj) 1 ^\ t ut'l^ ol^ (| JlP / 

cy?)^JJ) o^-V 4"b cJb^ ^4-^^il d>Lbtt31 o^-V c^- 2 ' sl^jS\ cS> - 'c&fe-M cJUM .1 
.^lJIJL iJS -?l^A) JLL*^ £ujuu^ <d>L_b) ^ifil^J ^ub^-? cS> - \^\c)\>\4 .2 

.C^L^I^-*J1 ^u^^uil ouLbl^9 ^lJL^JJI C^tb^b) b? - Icfy-C'lLgM cUbl b? .3 

) ^ji+p ^5^^JCJ I <=uJ-b^1 ■ . fLo/ I L^ ^ C-^“^|^ ^ I 

• 1 \^JL~p c5L^J ^LJ .4.<< 1 j ^L^Lj■ . ^\... ^lJ 1... 1 j L <..? cJjA^I j ^^ < A1 «?L^r 

~ ^^^31 L# /^p 

c5^L-j c5^JLil ^ c5^L -4 .a 

• 0 11 

?c>^-?L^ ^lJ-c. cji^ b 
- -£fO Ij L/ 

JtfUL^lil ^luSi cJ&ju cS^ c>* I+jLZJj LsL) ^ul^( ^ r> .1 

cJjAi’) liit cJjA^I I^IjIjls *xs-> (2JJaS^? tfiJlJ? l^jaJiA c5l v^\j\ {^“...*^S) <^i3L> c^5 c5o^-V ^L^ LJLi 

^131 ^JU cJ^31^ ^jllhii l^b cJjAi’b Li3l z&IslIj c^t c5&JLi^ cJ^ c>-^£ cw^ tl-j 

.i>b <^l*j 2) <£>ijLbb Ul^;:.J 





?^u^>cSvM-C'Ls-bl oajljii d^bj>^uu .2 

c^L\— w> ^y4b ^231) ^b v\^lS\ cbt c2l ^^ r...j <2Jjjb c5^bJ c2bl ^l!^u2 c2J3 

.^ij^bLlbl ^-Jb^a^bOl <r*J^3 v^jS r*pub <Sl3aS^ (JA2> d^b^5^?^>1 U3) 





















(jtjjjJI (w-jJLa jUfl 


frUjjCjJl 



p) czJi s\ £ (Th) ^^lS\ picl) ^sCj c^LLUi Li)i cijA^i ^i)?L* <~As\ (^gfU) ^ ^-Ji^^J1 5) /9^ 
^lJLJI tl*j cbl^L^i (X) pi^d c-tX^i (X) pic^i c*3^ cS^ bi_i_-3i ^i^-)l-^)i L,d cJ^JX-^i ^d ^ *y^^ 

.(X') pi^3 <^i oJc^^bb)i 

b *=id^ ^_j-l)( <£d J3J/L$lJJ i t? Ju^J c£^J/LL)i ^_l)i cf^JJ^lxii c-l3i .a 

? ( X')£i^i^J^ .b 


a. 2 |fU 


234 Tb 

90 in 


+ oHe 


...( 1 ) 


234 Tb 

90 m 

234 Y 

91 A 


234 

91 

234 

92 


X + _?e + °V“ ...(2) 
X- + _°e + °\T ...(3) 


cd , *7 <« > ( 92 U) d^d c£^bd I 1 .^ (92) C^^-di ( 92 X ) d^dl cd U .b 

-:cd dj\ ( 2 !|U) ^U^Ji d_d ^ c#^ ( 2 lfX ) 51^Jl 


234 Y —238ti 
92 a— 92 u 


^_*—3i d &*> (^ ) d^J lj| 

?<i0 j ?dlddt cs'lc- _>di g-LuiJJl d’b’d^'U L» /lO^ 

giilrvi-U ^dl bdb> d c>jLi3t _yJl3 cd el>lM ^Llil d ci’ldJJl d c^LC-bddt cili3l q--> *** 

- :d—-» 5cd,b dl gi_),?L Tc-JJt ^\_dl bj/ld d ^^dd 

.^41 c_,i*di .1 

fed__,db) cl>ll^dt d?^ d—» »^dbl> cd__^Jb .2 

d ^—j cd cd-v^ ‘^ , _j^l» cd-db* dl zSj^H su-dtllM bj/di d c->~>s C J^S\ d^d-d bl *♦* 

.^Lddld dd»>d dl ^^dd 


a. q=Ze 
q=26*1.6*10" 19 

b. R=1.2* 
R=1.2*10 " 15 V56 
R=4.59*10 " 5 m 
R=4.59 F 

c. V=4/3 tiR 3 
V=4/3*3.14*(4.59*10" 15 ) 3 
V=405.1*10‘ 45 m 3 



- (26^ e ) »^^4d /o* 

^pii ^s\ / JUL* .3 

-JlS (F) p^>J 3^?i (in) p^>^ l^duLr pi^J-)i oL^3 .b 

?(m 3 ) pdL^ S^^xjLf pi^-l)i c 























(JtJJjJl LfMA jUfl 


Jl 



A=Z+N 12=6+N 

1. Am=ZMH+Nmn-M 
Am=[6* 1.007825+6* 1.008665-12] 
Am=0.09894 u 

2. E b =Amc 2 
E b =0.09894*931 
E b =92.113 MeV 

3. E' b =E b /A 

E' b =92.113/12=7.676 MeV 


- ( 1 |C) 

?(U) i . ill .3 

?(MeV) jJI *k^JI .b 

?(MeV) JL0 c3^3 ^JjJ cj ^JUL> .c 

.(12u) c5(^C) cM £* 


N=6 



LiM cJi^LLlil IjLP ^Ll3LJ( (^Sm) 5)^3^ JlJL* c3^3^^ o^u cS^ 

^^j^Xe^SS eill} c>L* (6.88 MeV) c5^L-3 cM c^lc> lib (^lPm) »Uv 

^ ^^‘S ‘»<"i “A-llJ c5^_jj cJl£-Lo <=l!j 



Lili) IjLP 


(149.917276U) c5^Lj 

?(U) 













































